■ ROBOTICS  ■ MICROCONTROLLERS  ■ COMPUTER  CONTROL  ■ SPACE 


AND 


MARCH  2006 


220 


5fea«§f23 

©p*©n!liglit 


corporate 
e Power  of  Your  PC 


Into  Any  Project 


www.nutsvolts.com 


Announcing  the  BasicX 


The  fastest  Basic  programmab 


microcontroller. 


price 


Regulated  Supply  Input 


sic  Instructions/Sec 


I u fated  Supply  Input 
6-24vdc 


FEATURES:  The  BX24- 
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more. 
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Announcing 


Telnet™ 


Ethernet 


serial  devices  to  commi 


unicate  across  Ethernet 


Player  Telnet 


OEM  modu  e 


SitePlayer 


"elnet  module  gives 


OEM's  and  product  designers  the 


bring  their  products  to  market 


:y  to  quickly  and  cost-effectively 


SitePlayer  Telnet  systems  can  easily  be  configured  to  create 


ures  - 1 0BaseT  ARP,  UDP, 
Local,  Bonjour,  ICMP  Ping: 


TCP/IP  DH 
, HTTP,  Teln 


protocol 


Discard  protocol,  4 


Serial— AT — command — mode 


external  processor  control  of 


Ethernet  sessioi 


*TS  - SitePlayer  Telnet™  System,  now  available  directly 


NetMedia  at  an  Introductory  price  of  $79.95 


NefMedia  Inc  , 10§40  N 


Staiiard  P 


Tucson  Arizona  85737  tel.  520.544. 


,4567x101  fax. 52 0,544. 0800  www.siteplayer.com 
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PLC  / Embedded  controller 


ALL-IN-ONE  Type  Touch  Panel  Controller 


CUBLOC  module,  Graphic  LCD, 
and  Touch  Panel  are 
fused  into  one  product. 

With  BASIC,  you  can  \ 
create  custom  graphics 
and  process  touch  input. 

With  Ladder  logic,  real-time 
I/O  and  sequence  processing 
can  easily  be  implemented  into 
your  final  product. 

With  82  I/Os,  80KB  program 
memory  and  2 RS232  hardware 
independent  ports,  there  is  plenty 
of  room  for  your  development. 


is  able  to  handle  both  BASIC  and  LADDER 
LOGIC  through  on-chip  multi-tasking. 

CUBLOC  supports  Ladder  Logic’s  weaknesses 
with  BASIC  language,  something  that  can’t  be 
done  with  most  PLCs. 


- Use  BASIC  with  Ladder  Logic  language 

- Pin  compatible  with  BS2  (CB220  only) 

- 80KB  Flash  User  Program  memory 

- 2-24KB  Data  memory 

- BASIC  Speed  : 36000  inst./Sec 

- RS232,  SPI,  I2C,  MODBUS 

- Share  Data  memory  : BASIC  with  Ladder  Logic 

- Free  software  / Technical  support 


MODEL  CB220  B28  CB290 


80KB 


80KB 


80KB 


3KB 


3KB 


28KB 


tilt  E I / E ^ Pilgrim  Drive  Suite  K Foster  City,  CA  94404 
W l/lr/r I LE  call : 1-888-9CUBLOC  (toll  free) 

TECHNOLOGY  1-888-928-2562  * 14-Day  Money-Back  Guarantee 
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Logic  Analyzers 


New  LA-5000  Series 
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• 40  to  160  channels 

• up  to  500  MSa/s 

• Variable  Threshold 

• 8 External  Clocks 

• 16  Level  Triggering 

• up  to  51 2K  samples/ch 

• USB  2.0  and  Parallel  Interface 

• Pattern  Generator  option 


LA5240  (200MHz,  40CH) 
LA5280  (200MHz,  80CH) 
LA5540  (500MHz,  40CH) 
LA5580  (500MHz,  80CH) 
LA55160  (500MHz,  160CH) 


$1700  USB  2.0/Parallel 
$2350  USB  2.0/Parallel 
$2500  USB  2.0/Parallel 
$3500  USB  2.0/Parallel 
$7500  USB  2.0/Parallel 


Small  and  portable  LA-2124 

• Small,  Lightweight  and  Portable  • 24  Channel  Logic  Analyzer 

• Only  4 oz  and  4.75”  x 2.75”  x 1 ” • 1 0OMSa/S  max  sample  rate 

• Parallel  Port  Interface  to  PC  • Variable  Threshold  Voltage 

• T rigger  Out  . Large  1 28k  Buffer 


$800 


Digital  Oscilloscopes 


• 2 Channel  Digital  Oscilloscope 

• 100  MSa/s  max  single  shot  rate 

• 32K  samples  per  channel 

• Advanced  T riggering 

• Only  9 oz  and  6.3”  x 3.75”  x 1 .25” 


• Small,  Lightweight,  and  Portable 

• USB  or  Parallel  Port  interface 

• Advanced  Math 

• FFT  Spectrum  Analyzer  (option) 


DSO-2102S  $525 

DSO-2102M  $650 

DSO-21 02S(USB)  $600 
DSO-21 02M(USB)  $725 


Link  Instruments  (973)  808-8990 

17A  Daniel  Road  East  • Fairfield,  NJ  07004  • Fax  (973)  808-8786 

www.Link-instruments.com 
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screen.  Temperature  varies  with  height 
and  the  normal  height  for  tempera- 
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RAINDROPS  KEEP 
FALLING  ... 

I very  much  enjoyed  the  article  on 
weather  instruments  by  (.  Ronald 
Eyton.  In  particular,  the  application  of 
commonly-available  construction 
items  to  make  useful  items.  The 
remote  temperature  sensors  are  often 
put  out  without  any  thought  to  the 
environmental  effects  such  as  solar 
radiation.  Your  use  of  simple  plastic 
shutters  made  a very  nice  tempera- 
ture screen  for  these  sensors.  This  is 
the  best  homemade  screen  I have 
seen  and  it  even  looks  attractive  in 
your  garden. 

I did  have  a few  comments.  The 
Stevenson  screen  (1869)  is  actually  a 
double  louvred  screen.  A single  lou- 
vred  screen  like  you  have  constructed 
is  similar  to  the  USWB  cotton  regions 


ture  sensors  should  be  mounted 
between  1.25  to  2 meters  above 
the  ground. 

The  "Rain  Chime"  along  with 
your  tipping  bucket  rain  gauge  would 
keep  one  well  aware  of  the  occurrence 
of  any  rainfall.  This  is  a simple 
variation  of  the  distrometer  which  is 
usually  quite  expensive.  Another  sim- 
ple version  is  to  use  a block  of  epoxy 
about  3"  in  diameter  with  a piezo- 
electric element  attached  to  the 
bottom.  Each  raindrop  produces  an 
output  which  is  proportional  to  the 
size  of  the  raindrop.  From  that  infor- 
mation, the  total  rainfall  can  be 
crudely  determined  (±30%).  While  an 
interesting  concept,  your  tipping 
bucket  is  more  accurate  (-5  to  -10%). 
Keep  up  the  good  work. 

Ken  Devine 
Aurora,  Ontario,  Canada 

Continued  on  page  98 
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World's  Lowest  Power  MCU 

It's  easy  to  rev  up  your  application  in  minutes  with  the  new  eZ430-F2013,  the  world's  smallest 
complete  development  tool  for  only  $20!  The  tool  provides  all  hardware  and 
software  needed  to  evaluate  the  MSP430  or  complete  an  entire  F20xx  project. 

The  F20xx  combines  1 6 MIPS  performance,  less  than  1 microamp  standby  current, 
with  your  choice  of  analog  converters  - from  a comparator,  fast  10-bit  ADC  to 
16-bit  sigma-delta  with  integrated  PGA  - all  in  a package  as  tiny  as  4x4  mm. 

Designing  with  the  world  s lowest  power  MCU  just  got  even  easier. 


430  Day 


New  Low  Pin-Count  Devices 


FREE  eZ430-F2013! 


Device 

MSP430F2001 

Program 

1 KB 

SRAM 

128  B 

SPI,  l2C 

Analog 

Comparator 

Price  IK  USD  Register  and  attend  430  Day,  a 

$0-55  free  three-hour  "lunch  and  learn" 

MSP430F201 1 

2 KB 

128  B 

— 

Comparator 

^ ^ and  receive  a free  eZ430-F2013 

MSP430F2002 

1 KB 

128  B 

10-bit  ADC 

. GNU  1 CUCI  vc  a 1 1 CG  CLtJU  1 LU  1 J. 

$0.99  T,  . . | i 

MSP430F2012 

2 KB 

128  B 

■/ 

10-bit  ADC 

(h,|  j ^ i ne  session  inciuoes  sn  overview^ 

MSP430F2003 

1 KB 

128  B 

s 

16-bit  ADC 

^ 5q  updates  and  eZ430  technical 

MSP430F2013 

2 KB 

128  B 

V 

16-bit  ADC 

$1.65  demonstrations.  Lunch  will  be 

provided.  Seating  and  tools  are 
limited.  Register  today  to  attend 
a location  near  you. 


www.ti.com/ez430 


Order  Today!  www.ti.com/ez430  o 800.477.8924,  ext.  1313 


Technology  for  Innovators™  ^ Texas  Instruments 


Technology  for  Innovators  and  the  red/black  banner  are  trademarks  of  Texas  Instruments.  1348A0 
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■ BY  JEFF  ECKERT 


ADVANCED  TECHNOLOGY 


NEW  COHERENT  LIGHT 
SOURCE  DISCOVERED 


30 


coherent  emission 

♦ 


5 10  15 

Time  (ps) 


Position  (nm) 


■ Emission  of  coherent  light  at  22THz 
from  a molecular  dynamics  simulation 
of  shocked  NaCI  (table  salt). 

For  50  years  or  so,  the  only  way  to 
generate  coherent  light  has  been 
through  the  use  of  a standard  or 
free-electron  laser,  but  researchers 
from  Lawrence  Livermore  National 
Laboratory  (www.llnl.gov)  and  the 
Massachusetts  Institute  of  Technology 
(www.mit.edu)  have  discovered  that 
common  table  salt  is  capable  of  emit- 
ting light  in  the  range  of  1 to  100  THz 
when  subjected  to  a mechanical  shock. 

Through  a series  of  theoretical 
calculations  and  experimental 
simulations,  scientists  generated  a 
mechanical  shock  wave  inside  a 
dielectric  crystalline  material,  in  this 
case  NaCl.  One  would  expect  to  see 
only  incoherent  photons  and  sparks 
emitted  from  the  shocked  crystal,  but 
weak  yet  measurable  coherent  light 
emerged.  The  emission  frequencies 
are  determined  by  the  shock  speed 
and  the  lattice  makeup  of  the  crystal. 

In  the  illustration,  the  left  panel 
shows  the  emission  of  the  light  as  a 
function  of  time  while  the  shock  is 
propagating.  The  right  panel  shows 
the  generated  radiation  as  a function 


of  location  within  the  shocked  crystal, 
indicating  that  the  22  THz  coherent 
signal  is  generated  at  the 
shock  front  (between  the 
white  dotted  lines). 
According  to  Evan  Reed, 
a postdoctoral  fellow  at 
LLNL,  applications  for 
this  research  are 
numerous,  but  the  most 
immediate  result  may  be 
a new  diagnostic  tool  to 
determine  the  properties 
of  shock  waves. 

Coherent  light,  being 
very  narrow  bandwidth 
radiation,  is  useful  for 
interferometry  (the 
measurement  of  two  or  more  waves 
coming  together  at  the  same  time  and 
place,  such  as  optical  and  shock 
waves).  Further  experiments  will  be 
conducted  in  collaboration  with 
researchers  from  the  Los  Alamos 
National  Laboratory  (www.lanl.gov). 

GALEX  MAPS  OUTTHE 
CARTWHEEL  GALAXY 

For  nearly  three  years,  the  Galaxy 
Evolution  Explorer  (GALAX) 


space  telescope  has  been  in  orbit, 
observing  galaxies  in  ultraviolet  light 
in  an  endeavor  to  gather  10  billion 
years  of  cosmic  history.  A recent 
subject  of  scrutiny  is  the  Cartwheel 
galaxy,  which  is  of  particular  interest 
because,  about  100  million  years 
ago,  a smaller  galaxy  plunged 
through  it,  creating  ripples  of  star 
formation. 

This  is  shown  in  the  false-color 
composite  depiction,  which  is  made 
up  of  images  from  the  GALAX 
far-ultraviolet  detector  (blue),  the 
Hubble  Space  Telescope's  wide  field 
and  planetary  camera  2 in  B-band 
visible  light  (green),  the  Spitzer  Space 
Telescope's  infrared  array  camera  at  8 
microns  (red),  and  the  Chandra  X-ray 
Observatory's  advanced  CCD  imaging 
spectrometer-S  array  instrument 
(purple). 

Although  astronomers  have  not 
identified  exactly  which  galaxy  collid- 
ed with  the  Cartwheel,  two  of  three 
candidate  galaxies  can  be  seen  in  this 
image  to  the  bottom  left  of  the  ring  — 
one  as  a neon  blob  and  the  other  as  a 
green  spiral.  For  more  information 
about  the  project  and  other  images, 
visit  www.galex.caltech.edu 

WAVEGUIDE 
CONTROLS 
SPEED  OF  LIGHT 

Late  last  year,  IBM 
( www . ibm.com) 
announced  the  creation 
of  a tiny  device  that  was 
described  as  a major 
advancement  toward  the 
eventual  use  of  light 
instead  of  electricity  in 

■ The  GALEX  orbiting 
space  telescope 
contributed  to  this 
composite  image  of 
the  Cartwheel  galaxy. 
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electronic  components,  potentially 
leading  to  vast  improvements  in  the 
performance  of  computers  and  other 
electronic  systems.  Apparently,  IBM 
scientists  were  able  to  slow  light 
down  to  less  than  l/300th  of  its  usual 
speed  by  directing  it  down  a carefully 
designed  channel  of  perforated 
silicon  called  a “photonic  crystal 
waveguide.” 

Furthermore,  the  design  of  the 
device  allows  the  light's  speed  to  be 
varied  over  a wide  range  simply  by 
applying  an  electrical  voltage  to  the 
waveguide.  The  device's  small  size, 
use  of  standard  semiconductor 
materials,  and  ability  to  more  closely 
control  this  "slow  light”  could  make 
the  technology  useful  for  building 
ultra-compact  optical  communica- 
tions circuits  that  are  practical  for 
integration  into  computer  systems. 

The  waveguide  is  a thin  slab  of 
silicon  punctuated  by  arrays  of  holes 
that  scatter  light.  The  pattern  and 
size  of  the  holes  gives  the  material  a 
very  high  refractive  index,  and  the 
speed  of  light  passing  through  it 
varies  inversely  with  the  refractive 
index.  Heating  the  waveguide  locally 
with  a small  electrical  current  alters 
the  refractive  index,  allowing  the 
speed  of  light  to  be  tuned  over  a wide 
range  with  very  low  applied  electric 
power. 

According  to  IBM,  the  device 
could  be  applied  to  create  a variety  of 
nanophotonic  components  such  as 
optical  delay  lines,  optical  buffers, 
and  even  optical  memory,  all  of  which 
would  be  useful  in  building  computer 
systems  that  are  joined  by  powerful 
optical  communications  networks. 


ing  system  on  Intel's  Core™  Duo 
processor.  The  desktop  machine 
looks  like  the  original  iMac,  which 
puts  the  motherboard  and  other 
components  behind  the  monitor, 
thus  eliminating  a separate  box  for 
the  CPU. 

According  to  the  company,  the 
new  iMac  delivers  up  to  twice  the 
performance  as  the  previous  version, 
which  was  based  on  the  PowerPC 
chip.  It  includes  a built-in  iSight™ 
video  camera  for  video  conferencing 
and  new  versions  of  iPhoto®, 
iMovie®,  iDVD®,  and  GarageBand™, 
plus  a new  website  creation  program 
called  iWeb™. 

Standard  hardware  features 
include  a SuperDrive™  for  burning 
DVDs,  512  MB  of  667  MHz  DDR2 
SDRAM  (expandable  to  2 GB),  a 500 
GB  hard  drive,  built-in  Ethernet  and 
wireless  networking  capability,  and  a 
range  of  other  amenities.  The  new 
iMac  starts  at  $1,299  for  a 1.83  GHz 
model  with  a 17-inch  LCD  display. 
For  $1,699,  you  can  step  up  to  a 
2.0  GHz  processor  and  a 20-inch 
display. 

Also  introduced  was  the 
MacBook  Pro  — an  Intel-based  laptop 
with  a 15.4-inch  display  and  a price 
tag  starting  at  $1,999.  It  is  said  to  be 
as  much  as  five  times  as  powerful  as 
existing  PowerBooks,  which,  due 

• 


COMPUTERS  AND 
NETWORKING 

INTEL-BASED  MACS 
ARRIVE  EARLY 


Although  not  originally  scheduled 
to  appear  for  several  more 
months,  Apple  Computer 
(www.apple.com)  has 
unveiled  two  new 
machines  that 
run  the  Mac 
OS®  X operat- 


■  New  iMac 
employs  the  Intel  Core  Duo  M 
processor. 
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to  the  relatively  high  power  consump- 
tion of  the  G5  chip,  never  got  past  the 
G4  level. 


FLASH  DRIVES 
FEATURE  FILE  DISPLAY 


■ Flash  drive  features  display 
of  filenames. 
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Featuring  compact  size  and  pretty 
decent  storage  capacity,  USB  2.0 
Flash/jump  drives  have  grown 
increasingly  popular  for  transporting 
office  files,  school  notes,  music,  and 
other  data  from  one  computer  to 
another.  But,  until  recently,  there  was 
no  way  to  tell  what  was  stored  in  the 
drive  unless  it  was  connected  to  a 
computer. 

A new  series  of  devices  from 
Royal  Consumer  Information 
Products  (www.royal.com)  solves 
that  problem  with  a built-in,  scroll- 
ing two-line  display.  Called  the 
EZVue  Vista  series,  the  patent- 
pending  drives  allow  you  to  see 
directories  and  subdirectories,  and 
scrolling  to  the  right  allows  you 
to  see  the  complete  file  name, 
extensions,  and  creation  dates. 
The  drives  are  both  PC  and  Mac 
compatible  and  come  with  capaci- 
ties ranging  from  128  MB  to  1 GB 
and  prices  from  $49.99  to  $149.99. 

NEW  SEARCH  ENGINE 
UP  AND  RUNNING 


You're  probably  thinking,  sure, 
just  what  the  world  needs  — 
another  search  engine.  However, 
Tyloon  (www.tyloon.com)  has 
added  an  interesting  twist  in  that  it 
is  multilingual,  offering  what  is 
billed  as  the  first  and  only  "online 
yellow  pages  and  local  search 
engine”  that  allows  visitors,  using 
keywords  in  any  of  four 
languages  (English,  Spanish, 
simplified  Chinese,  and 
traditional  Chinese), 
or  mixed  keywords 
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in  those  languages,  to  search  the 
same  15-million-name  US  business 
database. 

According  to  the  company,  there 
are  1.6  billion  people  speaking 
Chinese  and  Spanish  all  around  the 
world,  including  nearly  25  percent  of 
the  US  population.  Tyloon's  "patent- 
pending  search  system"  allows 
visitors  to  not  only  browse  and/or 
search  listed  business  information 
in  their  own  language,  but  also  to 
freely  change  the  current  viewing 
page  to  a different  language  without 
going  to  the  home  page  of  a 
language.  This  is  intended  to  make  it 
much  easier  for  non-English  speak- 
ing people  to  obtain  and  understand 
information  about  American 
businesses. 


CIRCUITS  AND 
DEVICES 

USB  INTERNET  SPEAKER 
PHONE  UNVEILED 

Introduced  at  the  2006  Consumer 
Electronics  Show  and  set  to  be  avail- 
able by  the  time  you  read  this  is  the 
Skype-certified  USR9610  USB  Internet 
Speakerphone  from  USRobotics 
(www.usr.com).  Featuring  echo  cancel- 
lation technology,  volume  and  mute 
buttons,  and  full-duplex  operation, 
the  unit  works  like  a traditional  speak- 
erphone, but  eliminates  the  costs  of  a 
long  distance  call.  The  speakerphone 
is  lightweight,  making  it  convenient  for 
business  travelers,  and  it 
works  with  free  software 
available  from  Skype 
(www.skype.com).  The 
USR9610  lists  for  $49.95. 

RADIATION- 
HARDENED 
CONVERTER 
INTRODUCED 

n the  off  chance 
that  you  plan  to 

■ The  LS  series  of 
radiation-hardened 
DC-DC  converters 
feature  an  internal 
EMI  filter. 


build  equipment  for  use  in  satellite 
applications,  including  low  Earth 
orbit  (LEO),  middle  Earth  orbit 
(MEO),  geostationary  Earth  orbit 
(GEO),  or  long  scientific  missions, 
you  might  be  particularly  interested 
in  the  LS  series  of  low-voltage  single- 
and  dual-output  DC-DC  converters 
from  International  Rectifier 
(www.irf.com). 

The  modules,  which  include  an 
internal  MIL-STD-461C  CE03- 
compliant  EMI  filter,  deliver  isolated 
output  voltages  from  1.5V  to  15.0V, 
with  typical  efficiency  ratings  up  to  83 
percent.  The  devices  are  characterized 
with  a total  ionizing  dose  (TID)  of 
greater  than  100K  Rad(Si)  and 
single  event  effect  (SEE)  linear  energy 
transfer  (LET)  of  heavy  ions  greater 
than  82  MeV.cm2/mg,  in  accordance 
with  MIL-STD-883. 

The  fixed-frequency,  single- 
ended  forward  converters  switch  at 
575  kHz.  Other  features  include  18V 
to  40V  input  range,  magnetically 
coupled  feedback  to  ensure 
optimum  cross-regulation  when  the 
loads  are  unbalanced,  adjustable 
output  voltage,  and  a device  weight 
of  less  than  85  g.  Of  course,  the 
average  Nuts  & Volts  reader  is 
pretty  unlikely  to  ever  have  a need 
for  such  a device,  but  it  is  somewhat 
intriguing  to  know  that  they  cost 
$6,500  each.  NV 


INDUSTRY  AND  THE 
PROFESSION 

HYDROGEN  REFUELING  STATION 
PLANNED 

If  you  drive  a hydrogen-powered  vehicle  and  live  near 
Minot,  ND  (about  110  miles  from  Bismarck),  you're  in 
luck.  Hydrogenics  Corp.  (www.hydrogenics.com)  recently 
announced  that  the  company  was  awarded  a contract  by 
Basin  Electric  Power  Cooperative,  or  Bismarck,  to  supply 
an  electrolyzer-based  hydrogen  refueling  station  for 
installation  in  Minot. 

In  addition  to  the  core  electrolyzer  module, 
Hydrogenics  is  supplying  compression,  storage,  and 
dispenser  equipment  as  part  of  the  contract.  The  station, 
scheduled  for  installation  later  this  year,  will  be  one  of  the 
first  United  States-based  hydrogen  fueling  stations  to  use 
electricity  from  a wind  power  resource  to  produce  hydrogen 
from  water,  in  this  case  using  electricity  generated  by  wind 


resources  either  owned  or  contracted  by  Basin  Electric. 

The  hydrogen  produced  will  be  used  to  refuel 
hydrogen-powered  vehicles,  demonstrating  a linkage 
between  wind  power  and  vehicle  refueling.  It  is  intended 
to  demonstrate  the  ability  and  practicality  of  making  and 
using  hydrogen  energy  with  zero  carbon  emissions,  using 
excess  wind  power  that  might  otherwise  be  underutilized. 

IPOD  LOADING  SERVICE  LAUNCHED 

If  you  have  a serious  desire  to  watch  full-length  movies 
on  your  iPod,  and  if  you  live  in  one  of  the  cities  where 
LoadPod  (www.loadpod.com)  has  an  office  (New  York 
City,  Chicago,  Fort  Lauderdale,  Miami,  Orlando, 
Philadelphia,  San  Francisco,  and  Seattle),  you're  in  luck. 
The  company  will  show  up  at  your  home  and  office,  load 
it  full  of  movies  that  have  been  encoded  into  the  320  by 
240  display  format,  and  return  the  iPod  to  you.  The  only 
catch  appears  to  be  the  price:  $34.95  each  if  you  buy  5 to 
10,  $31.95  each  for  11  to  20,  and  $27.95  each  for  21  to  40. 
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RCM3750  RabbitCore 
Powerful  networking  core  module 

• 1 0/1 00  Base-T  Ethernet 

• 1MB  Serial  Flash 

• 33  Digital  I/O 


Small  in  size  but  packed  with  powerful 
features.  Rabbit  Semiconductor's 
low-cost  RabbitCore  modules  give 
designers  a complete  package  for 
custom  embedded  control  and 
communication  applications. 


RabbitCores  From 

$22  qty.  1 000 


New! 


RCM3365  RabbitCore 
Removable  memory  core  module 

• 'Hot-swappable'card  socket 

• 16  MB  NAND  Flash 

• 52  Digital  I/O 

RCM3600  RabbitCore 
Low-cost  & compact  core  module 

•22.1  MHz  clock 

• 2.1 0"x  1.20"x  0.62" 

• 33  Digital  I/O 


Rabbit  development  kits 
provide  a complete  embedded 
design  system  in  a low-cost  package.  Each 
kit  contains  a RabbitCore,  a full-version 
of  Dynamic  C®,  a development  board, 
documentation  and  programming  tools. 


Free  Design  Book  With  Kit 

It's  easy  to  get  started  with  a complete  development  kit 
that  includes  a RabbitCore  and  development  tools.  For  a 
limited  time  get  a FREE  Rabbit  design  book  with  your  kit. 

www.GetltDoneWithRabbit.com 


2900  Spafford  Street,  Davis,  CA  95616  Tel  530.757.8400 
Solutions  That  Work 


■ BY  JON  WILLIAMS 


WADING  THE  BS1  DEBUG  STREAM 


UNTIL  RECENTLY,  I HAD  NEVER  REALLY  CONSID- 
ERED USING  A BS1  as  a front-end  to  a PC  program 
— unlike  the  BS2,  the  BS1  doesn't  have  the  ability  to 
do  SEROUT  on  its  programming  port.  But  then  my 
colleague.  Chuck,  had  this  idea  about  building  a BS1 
right  into  a USB  connector.  Well,  that  changes 
things;  now  the  BS1  is  not  just  connected  to  the 
PC,  it's  nearly  a part  of  it.  With  no  SEROUT  on  the 
programming  port,  it's  time  to  roll  up  the  pant  legs 
and  wade  through  the  BSI's  DEBUG  stream. 


For  those  of  you  that  have  been  around  for  a long  time, 
or  have  taken  the  time  to  go  back  through  past  issues  of 
this  column,  you  may  remember  that  Scott  Edwards  tackled 
this  subject  back  in  October  of  1996.  Scott  was  able  to 
[correctly]  deduce  most  of  the  aspects  of  the  BS1  DEBUG 
stream  through  empirical  observation.  I have  the  advantage 
of  working  “on  the  inside”  and,  after  spending  an  hour  chat- 
ting with  our  compiler  engineer,  it's  my  intent  to  show  you 
how  to  use  the  BSI's  DEBUG  output  in  your  PC  projects. 


THE  DIRT  ON  BS1  DEBUG 

As  Scott  pointed  out,  any  time  you  have  a DEBUG 
instruction  in  a BS1  program,  everything  (all  variables)  gets 
sent  to  the  PC.  This  may  seem  odd  at  first,  and  yet  there  is  a 
perfectly  logical  explanation:  the  BS1  only  has  256  bytes  of 
program  memory.  As  we  all  know,  that's  not  a lot  of  space  and 
anything  that  can  be  done  to  conserve  it  is  important.  Chip  — 
the  BASIC  Stamp's  inventor  — came  up  with  an  interesting 
solution  that  can  be  demonstrated  with  a simple  program. 

Enter  this  program  in  your  BASIC  Stamp  IDE  and  check 
the  Memory  Map: 

v {$ STAMP  BS1} 
v {$PBASIC  1.0} 

SYMBOL  count  = B2 

Main: 

FOR  count  = 1 TO  10 
DEBUG  # count , CR 
PAUSE  300 
NEXT 

GOTO  Main 


If  you  typed 
it  in  just  like  the 
listing,  you 
should  see  that 
the  last  location 
used  is  $EF,  so  the  program  consumes  17  bytes  of 
EEPROM.  Okay,  now  modify  the  DEBUG  line  like  this  and 
open  the  Memory  Map  again: 

' {$ STAMP  BSl} 

' {$PBASIC  1.0} 

SYMBOL  count  = B2 

Main: 

FOR  count  = 1 TO  10 

DEBUG  "The  value  of  'count7  is:  ",  #count , CR 

PAUSE  300 

NEXT 

GOTO  Main 

Again,  the  last  location  used  $EF  for  a program  total  of 
17  bytes.  What  the? ...  Interesting,  isn't  it?  Here's  the  secret: 
That  big  string  of  characters  we  added  to  the  program  does 
not  get  stored  inside  the  BSl,  it's  actually  stored  in  a table 
inside  the  BASIC  Stamp  IDE.  The  reason  for  this  is  that  we 
normally  use  DEBUG  when  we're  connected  to  the  IDE,  so 
it  made  more  sense  to  store  the  strings  there  rather  than 
in  the  BSl  where  they  would  very  quickly  eat  through  our 
precious  program  memory. 

When  we  compile  and  download  a program  to  our  BS 1 , 
the  editor  creates  a special  table  for  all  the  occurrences 
of  DEBUG.  The  table  is  indexed  by  the  program  counter 
(location)  where  the  DEBUG  instruction  is  placed.  Part  of 


r — 

BSl  DEBUG  Viewer  - 

Fife  View  Help 

DIRS  kooooTUT 
PINS  Out  It  00  001111 
FINS  In  jtlOlOllll 

PORT  ItOOOOllllOO 001111 

GO  1 00  00  Q 100 

ei  it oooooooi 

WO  ft  000  0000 100  00  01 00 

B 2 1%  000 11001 
S3  |t Oil 10000 

W1  h 01 1 10000000 1 10 0 1 

B4  |%  00000 100 
65  |t  00000101 

W2  itQDQOQ  10 100000100 

BS  |%  0000  01 10 
B7  It 00000111 

W3  1*0000011100000110 

BS  *00001000 
BS  It  GOOD  10  01 

W4  1*0000100100001000 

BIO  It 0000 10 10 

Bit  tOOOOlOll 

W5  1*0000101100001010 

B12  It  0000 1100 
B13  It  0000 1101 

ws  1*0000110100001100 

■ FIGURE  1.  BSl  Debug  Viewer  Program. 
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STAMP  APPLICATIONS 


the  DEBUG  packet  is  the  program  counter.  When  the  editor 
receives  a DEBUG  packet,  it  grabs  the  program  counter  first 
and  then  checks  the  table  to  see  how  that  specific  DEBUG 
instruction  is  to  be  formatted  for  display. 

Okay,  let's  talk  about  the  DEBUG  packet.  Most  of  the  time, 
it  will  be  97  bytes  long.  The  first  part  of  the  packet  is  [usually] 
64  bytes  — this  is  for  synchronization  with  the  PC,  and  all  the 
sync  bytes  are  $F0.  Remember  that  the  BS1  was  designed  long 
before  Windows  and  the  original  programming  was  via  bit- 
banged  serial  on  the  PC's  printer  port  (the  printer  port  was 
used  because  of  its  TTL-level  I/O,  which  meant  the  connection 
could  be  simple  and  direct  — no  level  shifting  required).  After 
the  sync  bytes,  we'll  find  either  a $5A  (this  is  a DEBUG  packet) 
or  $A5  (this  is  a Connect  packet).  What  follows  is  a 32-byte 
data  dump  of  the  PIC16C56's  (host  micro)  RAM  space. 

You  may  be  wondering  about  the  Connect  packet.  If 
you  look  at  the  programming  circuit,  there  are  only  two  lines 
(serial  in  and  serial  out)  for  programming.  Unlike  its  big 
brother  — the  BS2  — the  BS1  cannot  be  reset  by  the  BASIC 
Stamp  IDE.  So,  what  the  BS1  does  is  interleave  Connect  pack- 
ets with  the  DEBUG  output;  when  the  IDE  sees  a Connect 
packet,  it  can  download  a new  program.  This  explains  why, 
when  programming  the  BS1,  we're  occasionally  forced  to  wait 
a bit  — the  editor  is  holding  for  a Connect  packet. 

In  Scott's  article,  he  said  that  he  had  occasional 
connection  errors,  and  I think  the  reason  why  is  that  the  sync 
section  can  actually  be  up  to  128  bytes  long  — though  I've 
not  seen  this  in  any  of  my  own  experiments.  That 
said,  we  still  have  to  deal  with  that  if  it  occurs.  Our  basic 
strategy  for  using  the  BS1  DEBUG  output  in  a PC  program  is 
simple:  We'll  program  the  BS1  with  a DEBUG  instruction, 
and  then  open  the  serial  port  used  to  program  the  BS1 
and  collect  incoming  bytes.  Once  we  have  enough  bytes  to 
constitute  a DEBUG  packet,  we'll  look  for  a bunch  of  sync 
bytes  followed  by  $5A.  If  we  find  that,  we'll  grab  the  next  32 
bytes  and  parse  the  variable  values  out  of  it.  Ready?  Let's 
give  it  a shot. 


For  those  of  you  using  a different  language,  here's  what 
all  that  means:  We  set  the  port  to  4800  baud,  N81 -style 
serial,  we  turn  on  the  DTR  line,  make  sure  the  RTS  line  is 
off,  and  set  the  serial  object  to  fire  an  event  any  time  a 
character  shows  up.  When  you  open  the  full  listing, 
you'll  see  that  the  variable  called  bslPortNum  comes  from 
a simple  port  selection  dialog. 

With  the  port  open  and  a BS1  attached,  bytes  should 
start  streaming  in.  The  serial  port  OnCommQ  event  is 
really  simple. 

Private  Sub  MSComml_OnComm  ( ) 

If  (MSCornml . InBufferCount  >=  97)  Then 
bslBuffer  = bslBuffer  & MSCornml . Input 
End  If 

End  Sub 

As  you  can  see,  anytime  a character  shows  up, 
we  check  to  see  if  we  have  enough  bytes  in  the  buffer  to 
constitute  a valid  DEBUG  packet.  If  we  do,  we  append  the 
contents  of  the  serial  buffer  to  an  internal  variable  — 
bslBuffer  (a  string)  — for  our  processing.  Note  that  this 
action  empties  the  contents  of  the  PC  serial  buffer. 

Since  Visual  Basic  is  event-based,  we  need  some  event 
to  fire  in  order  to  check  the  size  of  bslBuffer  to  see  if  it 
needs  processing.  Again,  let's  keep  things  very  simple: 
We'll  use  a Timer  set  to  trip  every  50  milliseconds  when  the 
serial  port  is  open. 

Private  Sub  Timer l_Timer  ( ) 

If  Len (bslBuffer)  >=  97  Then 
Pars  e_Debug_Packe t 
Update_Display 
End  If 

End  Sub 


BS1  DEBUG  TO  PC 


We  could,  of  course,  use  any  event  — a button  press, 


I'm  most  comfortable  using  Visual  Basic  for  my  PC 
programming  chores,  but  if  you're  using  another  product 
(especially  REALbasic),  you  should  be  able  to  port  this 
code  pretty  easy.  As  with  most  of  my  projects,  I definitely 
employ  the  KISS  principle  here.  The  first  thing  to  do,  of 
course,  is  select  an  open  serial  port.  One  thing  to  remem- 
ber is  that  we  can't  open  a port  in  use,  so  after  we've  down- 
loaded a program  to  the  BS1,  we  need  to  close  the  IDE's 
Debug  Terminal  window  to  free  the  port.  Here's  the  bit  of 
code  that  sets  up  and  opens  the  serial  port  with  VB: 

With  MSCornml 

.CommPort  = bslPortNum 
.DTREnable  = True 
.RTSEnable  = False 
.Settings  = "4800, n, 8,1" 

.RThreshold  = 1 
.PortOpen  = True 
End  With 


FIGURE  2.  DS1620  Connections. 
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for  example  — but  if  the  BS1  is  constantly  streaming  data, 
the  serial  buffer  could  be  overrun.  Since  a BS1  DEBUG 
takes  about  200  milliseconds  (97  bytes  at  4800  baud), 
checking  our  buffer  anytime  under  this  window  will  make 
sure  the  program  responds  quickly  to  the  output  from  the 
BS1.  Okay,  if  we  have  enough  bytes  to  consider,  it's  time  to 
get  down  to  the  nitty-gritty  and  fish  the  BS1  variables  out 
of  the  DEBUG  stream  (Oi  vai,  that  was  corny). 

Private  Sub  Parse_Debug_Packet ( ) 

Dim  syncStr  As  String 
Dim  foundSync  As  Long 
Dim  checkLen  As  Long 
Dim  idx  As  Byte 

syncStr  = String$(17,  &HF0)  & String (1,  &H5A) 
foundSync  = InStr(l,  bslBuffer,  syncStr,  vbTextCompare) 

If  (foundSync  > 0)  Then 

checkLen  = Len (bslBuffer)  - (foundSync  + 18) 

' do  we  have  the  whole  packet? 

If  (checkLen  >=  32)  Then 

bslBuffer  = Mid$ (bslBuffer,  (foundSync  + 18)) 
bslIORegs(O)  = Asc (Mid$ (bslBuffer,  18,  1)) 
bslIORegs(l)  = Asc (Mid$ (bslBuffer,  17,  1)) 
bslIORegs(2)  = Asc (Mid$ (bslBuffer,  7,  1)) 

For  idx  = 0 To  13 

bslByteRegs(idx)  = Asc  (Mid$  (bslBuffer,  (19  + idx),  1)) 
Next 

For  idx  = 0 To  6 

hslVbrdRegs(idx)  = (CLng (bslB/teRegs  (idx  * 2 + 1) ) * 256)  _ 
+ bslByteRegs (idx  * 2) 

Next 

bslBuffer  = Mid$ (bslBuffer,  32) 

End  If 
End  If 

End  Sub 

This  may  look  a little  tricky  at  first,  but  really  — it's  not 
that  bad.  One  of  the  nice  things  about  using  the  serial  port 
object  in  VB  is  that  the  buffer  is  treated  like  a string;  this 
fact  lets  us  use  some  of  the  neat  string  functions  of  Visual 
Basic.  We  see  that  first  with  the  creation  of  syncStr.  On  the 
advice  of  Parallax's  compiler  engineer,  (eff,  we  want  to  look 
for  at  least  17  sync  bytes  ($F0)  followed  by  the  $5A  packet 
descriptor.  This  is  pretty  simple  using  VB's  String$() 
function.  With  that  string  created,  we  can  use  the  InstrQ 
function  to  determine  if  the  DEBUG  sync  header  exists  in 
the  buffer.  If  not  (could  have  been  a Connect  packet),  we 
simply  exit  the  subroutine.  If  the  sync  header  is  present, 
then  we  can  parse  out  the  variables. 

Before  we  attempt  to  do  the  parsing,  however,  we  need 
to  ensure  that  we've  got  the  entire  packet.  It  is  possible 
that  the  serial  port  got  closed  in  the  middle  of  the  BS1 
DEBUG  output  and  we  don't  have  the  whole  thing.  It's  a 
simple  matter  to  check  — we  look  at  the  starting  position 
of  the  sync  string  in  the  buffer,  move  forward  18  bytes  (to 
account  for  the  sync  string),  and  then  check  to  see  if  there 
are  at  least  32  bytes  left  in  the  buffer.  If  the  answer  is  yes, 
we  move  on  with  the  parsing. 

We'll  start  by  using  the  Mid$()  function  to  trim  away  the 
leading  sync  and  packet  descriptor  bytes.  After  that,  it's  a 


simple  matter  of  pulling  the  variables  from  their  respective 
positions  in  the  stream.  In  this  program,  we  have  three 
arrays:  bslIORegsf)  which  holds  the  DIRS  and  PINS  (one  for 
Outs,  one  for  Ins)  values,  bslByteRegsf)  which  holds  the 
values  of  BS1  variables  B0-B13,  and  bslWordRegsf)  which 
is  actually  assembled  from  the  values  of  bslByteRegsf). 

Of  particular  note  is  the  bslWordRegsf)  which  is  an 
array  of  Longs.  In  VB,  an  integer  is  a 16-bit  signed  value,  so 
assembling  the  unsigned  word  variables  from  the  byte  vari- 
ables requires  more  bits.  Longs  use  four  bytes  so  that  gives 
us  the  space  to  handle  any  value  in  a BS 1 word  variable.  As 
you  can  see,  we  have  to  use  the  CLngQ  (convert  to  Long) 
function  to  ensure  the  value  is  correctly  calculated. 

Note  that  when  accessing  strings  in  VB,  the  first  byte  is 
in  position  1.  Knowing  this,  we  can  see  that  the  PINS 
inputs  are  in  position  7,  the  PINS  outputs  are  in  position 
17,  the  DIRS  register  is  in  position  18,  and,  finally,  B0-B13 
are  located  in  positions  19-32.  These  positions  correspond 
with  their  locations  in  the  PIC  RAM  space. 

Okay,  once  the  current  values  are  parsed  out,  we  trim 
the  packet  from  the  front  end  of  the  buffer  and  move  on  to 
other  things.  See,  it's  not  that  bad. 

So,  what  do  we  do  now?  Well,  while  developing  the 
program,  I thought  it  might  be  useful  to  create  a little  util- 
ity that  displays  the  BS  1 DEBUG  data.  A screen  shot  of  that 
program  is  shown  in  Figure  1.  For  those  of  you  who  have 
used  VB,  you  know  that  VB  doesn't  know  how  to  display 
binary  variables  — the  solution  is  a simple  custom  func- 
tion that  takes  a value  and  converts  it  to  a binary  string: 

Private  Function  BinStr  (value  As  Long,  width  As  Byte)  As  String 

Dim  idx  As  Byte 
Dim  testBit  As  Long 
Dim  tmpBin  As  String 

testBit  = 2 A width 
value  = value  Mod  testBit 
tmpBin  = " " 

For  idx  = 1 To  width 
testBit  = testBit  \ 2 
If  (value  >=  testBit)  Then 
tmpBin  = tmpBin  & "1" 
value  = value  - testBit 
Else 

tmpBin  = tmpBin  & "0" 

End  If 
Next 

BinStr  = tmpBin 
End  Function 

This  works  similar  to  the  BIN  modifiers  in  the  BS2.  If, 
for  example,  we  wanted  to  display  the  lowest  four  bits  of  a 
value,  we  would  use  the  function  like  this: 

lblLedStatus .Caption  = BinStr (ledStatus,  4) 

The  routine  is  pretty  simple  — it  calculates  the  next- 
highest  bit  value  and  truncates  any  unneeded  bits  from  the 
input  with  Mod  (modulus).  Then,  it's  a simple  matter  of  loop- 
ing through  each  bit  position  to  see  if  it's  set.  This  is  done 
mathematically  instead  of  logically;  it's  just  simpler  that  way 
in  VB.  The  result  is  a binary  string  representation  of  our 
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value.  In  the  full  program  listing,  you'll  find  a similar  function 
for  converting  values  to  fixed-width  hexadecimal  strings. 

You  can  use  the  BS1  DEBUG  Viewer  application  with 
any  BS1  program  that  has  at  least  one  DEBUG  instruction. 
One  of  the  interesting  things  you'll  see  is  the  manipulation 
of  W6  by  a program  that  uses  GOSUB  — W6  is  used  as  the 
RETURN  stack.  You'll  also  see  that  the  PINS  outputs  will 
affect  the  corresponding  PINS  inputs. 


SHOW  ME  THE  TEMPERATURE 

As  most  of  you  know,  I am  freakishly  sensitive  to  the 
temperature  of  my  environment,  hence,  I'm  constantly 
looking  at  thermometers  and  adjusting  the  thermostat. 
Perhaps  I need  professional  help  ...  well,  until  that  day,  I 
decided  to  make  it  easier  to  check  the  temperature  where  I 
spend  most  of  my  day  — in  front  of  my  computer. 

What  I did  is  take  an  eight-pin  socket  and  extend  the  legs 
with  wire  and  a IK  resistor  to  match  our  standard  DS1620  cir- 
cuit, as  shown  in  Figure  2.  I popped  a DS1620  into  the  socket 
and  plugged  my  temperature  "spider”  into  the  USB-BS1.  Figure 
3 shows  the  contraption  plugged  into  my  PC's  USB  port. 

From  there,  it  was  a very  simple  matter  to  gut  and 
convert  the  BS1  DEBUG  Viewer  application  to  display 
temperature.  Since  we've  used  the  DS1620  so  many  times 
in  the  past,  I'm  not  going  to  go  through  all  the  details  — I 
just  want  to  cover  shifting  data  out  and  in  with  the  BS1. 

The  BS1  does  not  have  the  BS2's  SHIFTOUT  and 
SHIFTIN  instructions,  so  we're  forced  to  synthesize  these  in 
code.  It's  really  pretty  simple.  One  of  the  things  you'll 
notice  about  my  BS 1 programs  is  that  I always  start  assign- 
ing variables  at  B2  (or  Wl).  The  reason  for  this  is  that  I want 
to  leave  BO  and  B1  {WO)  free  in  case  I need  bit-level  access 
later  (WO  is  the  only  variable  that  allows  bit-level  access). 
That  is  the  case  with  shifting  subroutines;  let's  have  a look. 

Here's  a subroutine  that  will  shift  an  eight-bit  value  to 
the  DS1620,  LSB  first: 

Shift_0ut : 

DIRS  = %00000111 
Clock  = IsHigh 
FOR  shift  = 1 TO  8 
DQ  = BITO 
PULS0UT  Clock,  10 
dByte  = dByte  / 2 
NEXT 
RETURN 

The  key  section  here  is  the  middle  of  the  FOR-NEXT 
loop.  Notice  that  DQ  (the  output  pin  to  the  DS1620)  is  set 
to  the  value  of  BITO.  This  is  the  LSB  of  BO  which,  in  this 
program,  is  aliased  as  dByte.  After  placing  the  bit  on  the 
DQ  line,  the  clock  line  is  blipped  with  PULSOUT,  and  then 
the  value  of  dByte  is  divided  by  two.  Dividing  by  two  is  the 
same  as  shifting  right  by  one  bit,  so  this  process  puts  the 
next  highest  bit  into  the  BITO  position. 

Coding  to  shift  bits  in  is  similar.  In  the  DS1620,  the 
temperature  returned  as  a nine-bit,  two's-compliment 
(if  negative)  value,  with  the  MSB  is  used  as  the  sign  (0  for 
positive,  1 for  negative). 
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■ FIGURE  3.  DS1620  Spider. 

Temp_In : 

DIRS  = %00000110\ 
tempC  = 0 
Clock  = IsHigh 
FOR  shift  = 1 TO  9 
tempC  = tempC  / 2 
Clock  = IsLow 
BIT8  = DQ 
Clock  = IsHigh 
NEXT 

tempHi  = -sign 
RETURN 

As  you  can  see,  things  are  reversed.  The  first  thing  we 
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■ FIGURE  4.  BS1  Temperature 
Watch  Program. 


do  is  shift  the  result  variable 
( tempC ) to  the  right,  the 
clock  gets  blipped,  and  then 
we  collect  a bit  from  DQ  and 
put  it  into  the  MSB  position 
( BIT8 ).  This  seems  odd  at  first,  but  after  you  work  your  way 
through  it  makes  good  sense. 

Since  we  only  get  nine  bits  back  from  the  DS1620,  but 
need  all  16  bits  of  a word  to  be  properly  configured  to  desig- 
nate a negative  value,  the  final  line  of  (working]  code  handles 
this  neatly  for  us.  And  (big  bonus  here)  Visual  Basic  under- 
stands PBASIC  negative  values.  This  makes  the  temperature 
display  program  a breeze  to  code.  Here's  the  working  part: 


23. 5C 
74. 3F 


Private  Sub  Timer l_Timer  ( ) 

If  Len (bslBuf fer)  >=  97  Then 
Pars  e_Debug_Packet 
tempC  = CSng (bslWordRegs  (0)  ) / 2 
tempF  = tempC  *9/5+32 
Update_Display 
End  If 

End  Sub 

How  simple  is  that?  After  we  get  and  parse  a DEBUG  pack- 
et, the  value  of  WO  (this  is  what  we  use  to  return  the  raw  value 
from  the  DS1620)  is  converted  to  floating  point  with  the  CSngQ 


function  and  the  rest  is  automatic.  Remember  that  the  DS1620 
returns  the  temperature  in  units  of  0.5  degrees  Celsius,  so  we 
have  to  divide  by  two  to  get  the  correct  value.  Converting  to 
Fahrenheit  requires  just  a bit  of  high  school  math.  I kept  the 
program  very  simple  — you  can  see  the  output  in  Figure  4. 

One  last  note  on  using  the  BS1  — there  is  no  way  to 
get  information  from  our  PC  application  to  the  BS1  through 
the  programming  port.  If  that  limitation  is  not  a barrier,  you 
now  have  the  expertise  and  the  means  to  use  the  BS1  for 
getting  information  into  your  PC  application. 

And,  finally,  my  friends  at  Nuts  & Volts  have  asked  me 
to  put  additional  focus  on  completed  projects.  That's  okay 
by  me,  and  I'd  really  like  to  do  projects  that  many  people  will 
find  interesting  and  useful.  I'm  currently  working  on  a six- 
digit, 1 3-segment  display  using  an  exciting  new  product  that 
Parallax  will  be  announcing  shortly.  What  kind  of  projects 
would  you  like  to  see?  Please  email  your  ideas,  and  I'll  see 
what  I can  do  about  turning  them  into  full-blown  projects. 

Until  next  time,  Happy  St.  Patrick's  Day  and  Happy 
Stamping!  NV 
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Vie  Bring  It  All  Together 


480  TVL  of  High  Resolution 

35 1R  LEDs  - Effective  IR  Distance  >90  Feet! 
Back-Light  Compensation  (BLC) 
Submersible  - IP68  Rated 
6 Omm  Lens 


(Ho  HDD) 


^B  - Built-In  Audio  ^B 

- Easy  Installation 

Real-Time  Digital  Recording  - 4 Camera  Input 

- LAN  Connection  to  View  from  Any  Location 

- Easily  Connects  to  most  TV’s  & Monitors 


1/4"  Sony  Weather  Resistant 
Lipstick  Camera,  420TVL,  4 3mm 


540  TVL  of  High  Resolution 
35  IR  LEDs  (90ft) 

Back-Light  Compensation 
Submersible  - IP  68  Rated 
4,3mm  Lens 


Best  On-Line 
Selection  of 

Digital  Video  Recorders! 


1/3"  Sony  HAD  Ultra  High  Sensitivity  CCD  sensor  chip 

420  TV  Lines  of  High  Resolution 

Super  Tough  Aluminum  Body 

ft  05  Low  Lux  for  a Variety  of  Applications 

Compact/ Sleek  Design 


1/3"  High-Res  Color  Lipstick  Camera 
Day/ flight  & Weather-Resistant 


Pricing/Selection 


uon  BjW  Vandal-Proof  Camera 

VrU-aU  - 420  TVL  of  High  Resolution 
$QQ  Qt i - 4.3mm  Super-Cone  Pin-Hole  Lens 
- 0.05  Low  Lux 


- 420  TVL  Resolution 

- 3.6mm  Lens,  0.1  Low  Lux 


Affordable  4-Channel  Digital  Video  Recorder 


EDVR-4000 

$159.95 

(No  HDD) 


- 4-Channel  Recording 

- 30fps  Recording  Frame  Rate  in  a Compact  Size 

- Two  internal  hard  drives  bays 

allow  for  up  to  WOOGB  (1  TB j capacity! 


EDVR-4120  (120GB  HDD)  $269.90 
EDVR-41 60  (160GB  HDD)  $289.90 


EDVR-425Q  {250GB  HDD)  $339.90 

EDVR-4500  (soogbhdd)  $ 589.90  23 


Video  Security  From  The  Professionals  at  PolarisUSA 

PolarisUSA  Video,  Inc.  • 31 58  Process  Drive  • Norcross,  GA  ■ 30071 


Prices  Subject 
to  Change 
Without  Notice 


Actual  Product 
May  Vary 
From  Images 


Laser  Light  Show  High  Power  LED  Strobe  Pat  Blaster  Pepeller 


True  laser  beam  patterns! 

Produce  stunning  laser  light 
shows  just  like  the  big  boys  do! 
Variable  pattern  and  speed  con- 
trols and  audio  input  to  modulate 
the  pattern  to  your  music!  Uses 
two  standard  laser  pointers. 

Needs  12VDC  or  our  AC125  PS. 


Super  bright  LED's! 


The  fragile  glass  Xenon  tube  is 
gone,  replaced  with  high  intensity 
LED's!  Variable  flash  rate  and 
built-in  audio  trigger  input  to  sync 
to  your  audio.  Optional  display 
boards  available.  Runsonl2VDC 
or  use  our  AC125  PS. 


LLS1  Laser  Light  Kit  $44.95  LEDS1C  LED  Strobe  Kit  $44.95 


Eliminate  without  harm! 


Covers  over  3,000  sq.  feet  to  keep 
those  pesty  varmints  away!  Spring 
is  the  time  to  let  them  know 
they're  not  wanted!  Build  it  into 
your  wall  or  barn  or  get  the 
matching  custom  case  separately. 


Rat  Blaster  Kit 
Custom  Case  Kit 


$59.95 

$29.95 


ECG  Heart  Monitor 


Plasma  Generator 


HV  Ion  Generator 


Check  your  own  heart! 

Provides  a visible  and  audible  dis- 
play of  your  heart  rhythm! 

Variable  gain,  bright  ''beat"  LED, 
and  monitor  output  for  display  on 
your  scope.  Just  like  the  lab!  Re- 
usable sensors  are  included. 

Runs  on  a safe  9VDC  battery. 


Generate  2"  sparks! 


Produces  a stunning  and  shocking 
25kV  at  20kHz  from  a solid  state 
circuit!  Build  your  own  plasma 
bulbs,  light  fluorescent  tubes 
without  wires  and  more!  A great 
learning  kit.  Runsonl6VAC, 
order  our  PS21  power  supply. 


ECG  1C  ECG/EKG  Kit  $44.95  PG15  Plasma  Gen  Kit  $64.95 


Make  a blast  of  fresh  air! 


Generates  a steady  state  DC  volt- 
age at  constant  non-pulsed  cur- 
rent at  7.5kV  DC  negative,  400uA. 
That's  a LOT  of  ions!  Learn  how 
modern  spacecraft  use  ions  to 
accelerate  through  space.  Runs 
on  12VDC  or  our  AC125  PS. 


IG7  Ion  Gen  Kit 


$64.95 


20W  SubMini  Audio  Amp  Digital  Voice  Storage  Speed  Padar  Gun 


20  watts  and  no  heat! 


Delivers  a super  clean  20W  out- 
put from  one  SMT  package!  Ultra 
efficient  class  D design  produces 
no  heat.  PCB  can  be  snapped 
into  a small  circle  for  special 
applications.  Runs  on  18VDC  for 
rated  output,  use  our  SPS18  PS. 


Multiple  message  storage! 


The  Bullshooter-ll  provides  up  to 
8 minutes  of  digital  voice  storage 
that  can  be  broKen  down  into  8 
separate  stored  messages!  Great 
for  announcements,  etc.  Built-in 
mic  plus  external  input.  Runs  on 
12VDC  or  our  AC125  PS. 


Bullshooter-ll  Kit  $69.95 


Now  YOU  can  be  the  cop! 


Our  famous  Speedy  radar  gun 
aoppler 


teaches  you  doppler  effect  the 
fun  way!  Digital  readout  displays 
in  MPH,  KPH,  or  FPS.  1 /8th  mile 
range  is  typical.  You  supply  two 
iffei 


cottee  cans!  Runs  on  12VDC  or 
our  AC125  power  supply. 


SG7  Speedy  Radar  Kit  $59.95 


Doppler  Direction  Finder  Touch-Tone  Reader  Signal  Magnet  Antenna 


Find  that  transmitter  quick! 


Track  down  jammers  and  hidden 
transmitters  with  ease!  22.5 


degree  bearing  indicator  with 
adjustable  damping,  phase  inver- 
sion, scan  and  more.  Includes  5 
piece  antenna  kit.  Runs  on 
12VDC  vehicle  or  battery  power. 


DDF1  Dir.  Finder  Kit  $169.95 


Read  the  number  dialed! 


The  Tone  Grabber  captures  dialed 
phone  numbers,  repeater  codes, 
control  codes,  or  anything  that 
uses  touch-tone  signaling.  Flash 
micro  stores  640  digits!  Phone 
line  and  audio  inputs.  Runs  on 
12VDC  or  our  AC125  PS. 


Pulls  in  distant  stations! 


Super  Hi-Q  ferrite  rod  antenna 
with  Faraday  shield  eliminates 
noise  from  power  lines,  dimmers, 
static  and  more!  Great  results 
from  500kHz  to  15MHz.  Super 
for  AM  broadcast  band!  Includes 
power  supply. 


TG2C  Tone  Grabber  Kit  $69.95  | SMI 00  Sig  Magnet  Kit  $89.95  | 


Did  You  Know. 


✓ It's  impossible  to  give  you  full  specs  on  these  products 
in  a I" space! 

✓ A lot  of  our  kits  are  also  available  "factory  assembled 
and  tested"  if  you  don't  want  to  build  them! 

✓ We  have  over  350  products  currently  available , and 
all  those  don't  fit  here! 


The  Solution! 


Mini-Kits... 

The  Building  Blocks! 


Visit  www.ramseykits.com 

Free  Giveaways  and  ALL  the 
Information  you  ever  needed! 


.Tickle-Stick 


The  kit  has  a pulsing  80  volt 
tickle  output  and  a mischie- 
vous blinking  LED.  And  who 
can  resist  a blinking  light!  Great 
fun  for  your  desk,  v'Hey,  I told  you  not  to  touch!" 
Runs  on  3-6  VDC 


TS4 


Tickle  Stick  Kit 


$12.95 


Super  Snoop  Amplifier 


Super  sensitive  amplifier  that  will 
pick  up  a pin  drop  at  15  feet!  Full 


2 watts  output.  Makes  a great  "big 
ear"  microphone.  Runs  on  6-15  VDC 


Super  Snoop  Amp  Kit 


$9.95 


Dripping  Faucet 


Produces  a very  pleasant,  but 
obnoxious,  repetitive  "plink,  plink"  won 
sound!  Learn  how  a simple  transistor 
oscillator  and  a 555  timer  can  make  such 
a sound!  Runs  on  4-9  VDC. 


w 


EDF1  Dripping  Faucet  Kit 


$9.95 


LED  Blinky 


Our  #1  Mini-Kit  for  31  years! 

Alternately  flashes  two  jumbo  red 
LED's.  Great  for  signs,  name  badges, 
model  railroading,  and  more.  Runs  on  3-15  VDC. 

LED  Blinky  Kit  $7.95 


BL1 


Cricket  Sensor 


Senses  temperature  and 
changes  the  chirp  according- 

l\ / r an  ar+iialK/  riotormino 
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■y.  Can  actually  determine 
temp  by  chirps!  Runs  on 
9VDC  battery.  Speaker  included, 

ECS1  Cricket  Sensor  Kit 


$24.95 


Electronic  Siren 


Produces  the  upward  and  down- 
ward wail  of  a police  siren. 
Produces  5W  output,  and  will  drive 
any  speaker!  Runs  on  6-12  VDC. 


SM3 


Electronic  Siren  Kit 


$7.95 


Universal  Timer 


Build  anything  from  a time  delay 
to  an  audio  oscillator  using  the 
versatile  555  timer  chip!  Comes 
with  lots  of  application  ideas.  Runs  on 
5-15  VDC. 


UT5 


Universal  Timer  Kit 


$9.95 


Voice  Switch 


Voice  activated  (VOX)  provides  a 
switched  output  when  it  hears  a 
sound.  Great  for  a hands  free  PTT 
switch,  or  to  turn  on  a recorder  or  light!  Runs  on 
6-12  VDC  and  drives  a 100  mA  load. 


VS1 


Voice  Switch  Kit 


$9.95 


Tone  Encoder/Decoder 


iy  t 

Hz  to  5KHz!  Add  a small  cap  and  it 
will  go  as  low  as  10  Hz!  Tunable  with 
a precision  20  turn  pot.  Runs  on  5-12  VDC  and 
will  drive  any  load  up  to  100  mA. 


TD1 


Encoder/Decoder  Kit 


$9.95 


RF  Preamplifier 


Super  broadband  preamp  from 
100  KHz  to  1000  MHz!  Gain  is 


greater  than  20dB  while  noise  is  less 
than  4dB! 


50-75  ohm  input. 

RF  Preamp  Kit 


Runs  on  12-15  VDC. 

$19.95 


Touch  Switch 


Touch  on,  touch  off,  or  momentary 
touch  hold,  your  choice!  Uses  CMOS 
technology.  Runs  on  6-12  VDC  and  drives  any 
load  up  to  100  mA. 

TS1  Touch  Switch  Kit  $9.95 


What’s  New  For  2006! 

The  Newest  And  Neatest  Goodies 


Digital  FM  Stereo 
Transmitters 


✓ Monitors  the  entire  aircraft 

✓ Passive  design,  can  be  used  on  aircraft,  no  locaT 
oscillator,  generates  and  creates  no  interference! 

✓ Great  for  air  shows 

✓ Patented  circuit  and  design! 

For  decades  we  have  been  known  for  our  novel  and 
creative  product  designs.  Well,  check  this  one  out!  An 
aircraft  receiver  that  receives  all  nearby  traffic  without 
any  tuning.  It  gets  better...  there  is  no  local  oscillator 
so  it  doesn't  produce,  and  can't  produce,  any  interfer- 
ence associated  with  all  other  receivers  with  an  LO. 

That  means  you  can  use  it  onboard  aircraft  as  a passive 
device!  And  what  will  you  hear?  The  closest  ana 
strongest  traffic,  mainly,  the  one  you're  sitting  in!  How 
unique  is  this?  We  have  a patent  on  it,  and  that  says  it 
all! 

This  broadband  radio  monitors  transmissions  over 
the  entire  aircraft  band  of  118-136  MHz.  The  way 
it  works  is  simple.  Strongest  man  wins!  The 
strongest  signal  within  the  pass  band  of  the  radio  will 
be  heard.  And  unlike  the  FM  capture  effect,  multiple  air- 
craft signals  will  be  heard  simultaneously  with  the  strongest 
one  the  loudest!  And  that  means  the  aircraft  closest  to  you, 
and  the  towers  closest  to  you!  All  without  any  tuning  or  looking  up  frequencies! 
So,  where  would  this  come  in  handy? 


I 


7.  At  an  air  show!  Just  imagine  listening  to  all  the  traffic  as  it  happens 

2.  Onboard  aircraft  to  listen  to  that  aircraft  and  associated  control  towers 

3.  Private  pilots  to  monitor  ATIS  and  other  field  traffic  during  preflight 
activities  (saves  Hobbs  time!) 

4.  Commercial  pilots  to  monitor  ATIS  and  other  field  traffic  as  needed  at 
their  convenience 

5.  General  aircraft  monitoring  enthusiasts 


Wait,  you  can't  use  a radio 
receiver  onboard  aircraft 
because  they  contain  a 
local  oscillator  that  could 
generate  interfering  sig- 
nals. 

We  have  you  covered  on 
that  one.  The  ABM  1 has 
no  local  oscillator,  it  does- 
n't, can't,  and  won't  gen- 
erate any  RF  whatsoever! 

That's  wny  our  patent 
abstract  is  titled  "Aircraft 
band  radio  receiver  which 
does  not  radiate  interfering  signals".  It  doesn't  get  any  plainer  than  that! 
Available  as  a through-hole  hobby  kit  or  a factory  assembled  & tested  SMT  ver- 
sion. 


SPECIFICATIONS 

Frequency  Range: 

118  MHz  to  136  MHz 

Receiver  Type: 

Patented  Passive  Detector 

IF  Frequencies: 

None! 

Receiver  Sensitivity: 

Less  than  2 uV  for  detectable 

audio 

Audio  Output: 

700mW,  8-24  ohms 

Headphone  Jack: 

3.5mm  stereo  phone 

External  Antenna: 

Headphone  cord  coupled 

Power  Requirement: 

9VDC  battery 

Dimensions: 

2.25"  x 2.8"  PC  Board 

2.5"  x 4.6"  x .9"  Case 

Weight: 

4 oz.  with  battery 

ABM1 

ABM1WT 


Passive  Air  Band  Monitor  Kit 

Passive  Air  Band  Monitor,  Factory  Assembled  & Tested 


$89.95 

$159.95 


Hand  Held 

Wind  Speed  Anemometer 


✓ Displays  instantaneous  wind  speed! 

✓ Stores  & records  maximum  gusts  and  averages! 

✓ Displays  temperature  and  wind  chill  in  °F  or  °C  ! 

✓ Beaufort  wind  scale  bargraph! 

We  have  all  seen  them  on  TV...  the  professional  weather  talent 
(now  known  as  meteorologists!)  standing  in  the  middle  of  the  hur- 
ricane report  holding  up  their  wind  meter  clocking  the  fastest  wind 
gusts.  Usually  that's  just  before  they  get  blown  to  the  ground 
along  with  their  producer  and  camera  crew!  Well  now  you  can 
have  the  same  professional  wind  speed  meter  on  a hobbyist  budg- 
et! Besides  displaying  the  realtime  instantaneous  wind  speed  in 
your  choice  of  MPH,  KM/H,  M/S,  or  Knots,  it  also  stores  and 
records  the  maximum  gust  AND  average  since  it  was  powered  up! 

In  addition,  realtime  wind  speed  is  also  displayed  on  a Beaufort  wind  scale  rang- 
ing between  0 and  12.  Housed  in  a rugged,  weather  resistant  case  and  includes 


neck  strap  for  easy  carrying.  Runs  on  a single  lithium  button  cell  that  is  included. 
Factory  assembled,  tested,  and  ready  to  go! 


High  Resolution  Air 
Pressure/Elevation  Sensor 


✓ Pressure  resolution  greater  than 
0.0001  kPa! 

✓ 128  x 64  pixel  graphical  display! 

✓ Shows  realtime  elevation  & pres- 
sure changes! 

✓ USB  computer  interface  for  easy 
data  transfer! 

✓ 13,824  samples  of  FLASH  storage 
available! 

✓ Special  pilots  menu 

✓ Multiple  built-in  alarms 


“ The  Most  Advanced  And  Accurate 
Ramsey  Kit  To  Date!” 


We  really  did  it  this  time!  The  UP24  is  one  of  our  most  advanced  kits  to  date,  and 
an  absolute  MUST  for  anyone  serious  about  the  environment  around  us!  But  the 
applications  only  begin  there. 

The  unique  design  allows  unprecedented  super  high  resolution  measurements 
and  display  of  absolute  atmospheric  air  pressure.  The  UP24  senses  ambient  air 
pressure  and  critically  calculates  elevation  with  unheard  of  precision!  Using  a 
highly  sensitive  sensor  and  24-bit  A/D  converter  in  a special  noise-immune 
design,  less  than  1/3"  of  an  inch  of  elevation  resolution  is  achieved!  YES,  we  said 
1/3  of  an  inch!  This  high  accuracy  and  resolution  opens  the  door  to  a host  of 
sophisticated  environmental  air  pressure  monitoring  applications. 

Unlike  your  normal  run-of-the-mill  barometer,  air  pressure  is  sensed  in  Pa's  or 
kPa's.  What  are  those  you  may  ask?  Pascals  or  KiloPascals.  However,  don't  be 
afraid,  for  your  convenience,  and  to  fit  any  application  you  may  have,  it  is  also  dis- 
played in  millibars,  bars,  PS1,  atmospheres,  millimeters  of  mercury,  inches  of  mer- 
cury, and  feet  of  water!  Take  your  pick!  The  range  of  the  UP24  is  15kPa  to 
155kPa. 

We've  talked  about  air  pressure,  now  let's  talk  about  elevation!  The  incredibly 
precise  24  bit  A/D  converter  in  the  UP24  looks  at  the  air  pressure  and  converts  it 
to  elevation  above  sea  level.  In  both  graph  and  text,  the  elevation  is  displayed  to 
a resolution  of  1/3"!  Yes,  1 said  1/3  of  an  inch!  The  applications  for  the  super 
accurate  elevation  meter  are  endless.  From  watching  and  recording  elevations 
during  hiking  trips  to  measuring  and  recording  the  wave  heights  on  boats!  Let 
your  imagination  take  over  from  there! 

What  if  you're  in  the  field  and  you  want  to  save  data  captured  in  your  UP24?  The 
built-in  FLASH  storage  provides  13,824  samples  of  storage.  Then  you  can  transfer 
your  data  to  your  PC  with  a standard  USB  interface. 

While  the  UP24  is  small  enough  to  be  kept  in  your  coat  pocket  it  boasts  a large 
2.78"  x 1.53"  128x64  pixel  LCD  display  screen  making  viewing  easy.  Display 
modes  include  both  realtime  pressure  and  elevation  graphs  as  well  as  pressure 
and  elevation  statistics.  There  are  12  user  selectable  sample  rates  from  1/1  Oth  of 
a second  all  the  way  up  to  every  15  minutes. 

Needless  to  say,  you  cannot  put  all  the  specs  and  screen  shots  in  the  limited 
space  of  this  aa!  Visit  our  website  at  www.ramseykits.com  for  full  specs  and 
information. 

If  you're  looking  for  the  finest  air  pressure  and  elevation  sensor,  check  out  the 
UP24,  truly  a marvel  in  the  industry!  Available  in  a ready-to-build  kit  or  a factory 
assembled  and  tested  version.  Check  our  website  at  www.ramseykits.com  for 
more  information! 

UP24  High  Resolution  Air  Pressure/Elevation  Sensor  Kit  $239.95 

UP24WT  Factory  Assembled  and  Tested  UP24  $299.95 

AC125  1 1 OVAC  Power  Adapter/Charger  $9.95 


MORE  than  just  friendly  on-line  ordering! 

Clearance  Specials,  Ramsey  Museum,  User  Forums,  Dealer  Information,  FAQ’s,  FCC 
Info,  Kit  Building  Guides,  Downloads,  Live  Weather,  Live  Webcams,  and  much  more! 

www.ramseykits.com 
800-446-2295 


J1f5% 

rut 

www  romsvfhiK  c om 

590  Fishers  Station  Drive 
Victor,  NY  14564 
(800)  446-2295 
(585)  924-4560 


Where 
Electronics 
Is  Always 

Fun! 


♦ Build  It! 

♦ Learn  It! 

♦ Achieve  It! 

♦ Enjoy  It! 


Prices ; availability,  and  specifications  are  subject  to  change.  Not  responsible  for  typos,  stupids, 
printer's  bleed,  or  migraine  headaches.  Possession  of  this  Springtime  ad  will  not  guarantee  that 
the  snow  stops!  Robin  got  her  ad  copy  early  for  a change!  Visit  www.ramseykits.com  for  the  lat- 
est pricing,  specials,  terms  and  conaitic  ~ * " « r-f._x_-_.-__ 


ditions.  Copyright  2006  Ramsey  Electronics,  lnc...so  there! 


WHAT'S  UP: 

This  month's  Q&A  — some 
new  and  unusual  questions 


and  answers! 


■ WITH  TJ  BYERS 

In  this  column,  I answer  questions  about  all 
aspects  of  electronics,  including  computer 
hardware,  software,  circuits,  electronic  theory, 
troubleshooting,  and  anything  else  of  interest 
to  the  hobbyist. 

Feel  free  to  participate  with  your  questions, 
comments,  or  suggestions. 

You  can  reach  me  at:  TJBYERS@aol.com 


/ 

/ 

/ 
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Why  loudspeakers  are  different. 
Phone  busy  alert. 

Two  optical  switching  circuits. 
T-Bird  tail  lights. 


SO  MANY  TO 
CHOOSE  FROM 


QI  have  noticed  a large  variety 
of  “impedance”  ratings  for 
speakers;  such  as  four  ohms, 
eight  ohms,  16  ohms,  and 
others.  Why  so  many?  Is  it  just  to  make 
the  design  of  the  power  amplifier  eas- 
ier by  matching  the  output  impedance? 

— Jeff  Dunker 


A Well,  that's  part  of  the  answer 
— but  it's  not  the  whole 
story.  Let's  begin  with  the 
physical  construction  of  a 
loudspeaker,  as  shown  in  Figure  1 . 

Basically,  a loudspeaker  consists 
of  a voice  coil  (electromagnet) 
suspended  in  a magnetic  field.  When  a 
current  is  run  through  the  coil,  it 
creates  a magnetic  field  that  forces  the 
coil  inside  or  outside  the  magnetic  field 
— according  to  the  strength  of  the  cur- 


rent and  its  polarity.  The  stronger  the 
electromagnetic  field,  the  farther  the 
displacement  (throw)  of  the  voice  coil 
with  respect  to  the  permanent  magnet. 

If  an  AC  voltage  is  applied  across 
the  voice  coil,  it  will  move  in  and  out 
as  the  field  changes  polarity.  The  voice 
coil  is  glued  to  a paper  or  plastic  cone 
that  moves  in  step  with  the  voice  coil. 
This  movement  translates  the  electron 
flow  into  air  movement  — a.k.a.,  sound. 

Early  on  in  the  development  of 
audio  amplifiers,  many  methods  were 
used  to  produce  this  movement.  The 
most  feasible  was  and  is  the  voice-coil 
loudspeaker  described  above.  The  crit- 
ical element  of  this  design  is  the  voice 
coil  itself.  It  is  nothing  more  than  many 
turns  of  copper  wire  — wire  that  has 
resistance  that's  measured  by  the  foot. 

For  example,  a typical  eight-ohm, 
four-layer  woofer  voice  coil  contains 
about  120  feet  of  number  28  solid 
copper  wire.  That's  a lot  of  wire  to 
shove  into  the  small  gap  between  the 
north  and  south  poles  of  the  perma- 
nent magnet.  Consequently,  it's  phys- 
ically more  practical  to  use  a smaller 
wire  with  more  resistance  than  it  is  to 
use  larger  wire,  which  is  harder  to 
work  with  when  forming  a rigid  voice 
coil  destined  for  a small  space. 

But  here  comes  a trade-off.  Current 
times  voltage  makes  watts.  So  voice 
coils  with  more  resistance  require  more 
voltage  to  produce  the  same  wattage. 
In  the  days  of  vacuum  tubes,  this 
wasn't  a problem.  They  required  hun- 


dred of  volts  on  the  plate  and  an  output 
transformer  in  their  design,  so  loud- 
speakers of  that  era  were  typically  16  to 
32  ohms  because  the  value  best  fit 
the  tube  to  transformer  coupling  — 
and  the  materials  and  manufacturing 
methods  of  the  time. 

With  the  advent  of  semiconduc- 
tors, voltages  decreased  and  currents 
increased.  That  coupled  with  the  dis- 
covery of  rare-earth  permanent  mag- 
nets with  stronger  magnetic  fields 
(versus  Alnico)  made  it  realistic  to 
use  lower  resistance  coils.  For  exam- 
ple, the  car  stereo  market  uses  almost 
nothing  but  four-ohm  speakers  due  to 
voltage  limitations  available  in  cars 
(specifically  12  volts).  More  power  can 
be  driven  into  a four-ohm  speaker 
than  an  eight-ohm  speaker  (assuming 
the  same  driving  signal). 

Are  four-ohm  speakers  better  than 
eight-ohm  speakers?  Absolutely  not! 
The  ohm  rating  of  a speaker  has 
nothing  to  do  with  the  quality  of  the 
speaker.  But  it  has  a lot  to  do  with  the 
way  you  wire  an  array  of  speakers 
together.  Is  an  eight-ohm  speaker 
really  eight  ohms?  Not  likely.  Due  to 
the  highly  complicated  nature  of  a 
loudspeaker,  its  impedance  is  not  a 
simple  number,  but  an  AC  reactive 
value  that  changes  with  frequency  and 
loading  that  can  vary  between  six  and 
20  ohms.  But  that's  a story  for  another 
day.  For  now,  when  a speaker  is  said  to 
be  four  or  eight  ohms,  this  is  under- 
stood to  be  its  nominal  impedance. 


QUESTIONS  & ANSWERS 


I'M  BUSY! 

QI  have  one  land  line  phone 
service  to  my  house  that  I 
share  with  the  upstairs  and 
my  computer  room  in  the 
basement.  I have  it  connected  so  that  if 
I want  to  go  on  to  the  Internet,  I flip  a 
switch  that  disconnects  all  the  phones 
in  the  house  and  connects  the  line  to 
my  computer  only  If  the  wife  goes  to  use 
the  phone  and  hears  no  dial  tone,  she 
knows  I'm  online.  Works  great  — except 
for  one  problem  — I can't  tell  if  she's  on 
the  phone  before  I flip  the  switch  (short 
of  listening  in  on  her  conversation!).  Is 
there  a circuit  (possibly  LED)  that  will 
light  when  she  is  using  the  phone? 

— Ted  Petra 


A Here's  a very  reliable  circuit 
— Figure  2 — that  has 
several  unique  features. 
Specifically,  it  isn't  polarity 
sensitive  to  the  phone  line  (the  red  and 
green  wires  are  interchangeable)  and  it 
will  run  for  about  a year  on  two  AA  cells. 
This  is  thanks  in  part  to  the  low  0.25  pA 
standby  current  of  the  4093  IC,  and  the 
fact  that  the  LED  flashes  for  a short  16 
milliseconds  once  every  second. 

All  stages  are  Schmitt  NAND  gates. 
The  first  gate  functions  as  a voltage 
comparator,  the  output  of  which  goes 
high  when  the  telephone  line  voltage 
drops  below  15  volts.  This  triggers  the 
second  gate,  which  is  configured  as  a 
pulse  generator.  Ordinarily,  this  design 
produces  a symmetrical  square  wave 
with  a 50%  duty  cycle.  By  adding  a 
1N4148  steering  diode  and  a 33K  resis- 
tor in  the  discharge  path,  the  duty  cycle 
is  lowered  to  16%  for  an  average  current 
of  less  than  100  pA  when  the  phone  is 
in  use  (don't  email  me  with  your  math 
without  first  looking  at  the  4093  data 
sheet!).  The  final  gate  buffers  the  pulse 
generator  and  drives  the  LED. 


BOWL-A-RAMA 
CIRCA  1909 


a I am  an  electronics  voca- 
tional teacher  at  the  Orleans 
BOCES  (Vocational).  My 
students  are  working  on  a 
new  project  and  we've  hit  a snag.  We 


are  making  a Skeeball  game  and  I need 
to  trigger  the  input  to  our  Automation 
Direct  PLC  with  a signal  from  a sensor 
when  the  ball  drops  into  the  scoring 
hole.  I am  trying  to  use  a 2N3904 
transistor  and  trigger  it  with  a 
photoresistor.  I think  our  trouble  is  that 
the  ball  is  3”  across  and  we're  using 
LEDs  to  shine  on  a CdS  photocell.  It 
works  fine  if  the  light  is  a small  flash- 
light, but  not  the  blue  LEDs  we  have 
tried.  We  really  want  to  use  LEDs  for 
reliability.  The  PLC  operates  at  24  VDC. 

— Bill  Leggett 


A Silly  to  say  — I didn't  know 
what  Skeeball  was  — even 
though  I used  to  hang  out  in 
arcades  in  my  teens  (circa 
1960).  I guess  Skeeball  had  fallen  out  of 
favor  by  that  time.  So  I did  some  research 
on  this  1909  invention  and  discovered 
your  problem  in  recreating  it.  The 
original  design  used  crosshair  switches 
and  latching  relays  (a  very  clever  design/ 
game  for  its  time!),  not  photoresistors. 
A CdS  photoresistive  cell  is 


the  wrong  choice.  Their  primary 
application  (today)  is  in  night/day 
applications  where  they  turn  on  and 
off  street  lights.  To  accomplish  this, 
they  have  a very  large  surface  area  — 
an  area  that  a single  LED  is  hard 
pressed  to  cover  with  any  effect.  This 
is  why  the  flashlight  works  (full  sun) 
and  the  LED  doesn't  (moonlight). 

The  answer  is  to  replace  the 
photoresistor  with  a phototransistor 
(www.allelectronics.com  CAT#  PTR-1). 
It's  about  1/4''  in  diameter  and  is 
easily  recessed  into  a hole  drilled  into 
the  wood/plastic  wall  of  your  Skeeball 
cylinder.  Use  a high-intensity  red  LED 
(All  Electronics  CAT#  LED-94  ) on  the 
opposite  side  for  your  light  source; 
red  because  the  phototransistor  is 
more  sensitive  to  red  wavelengths 
than  it  is  to  blue.  For  the  circuit  itself, 
you  need  nothing  more  than  the 
phototransistor  and  an  NPN  output 
transistor  as  shown  in  Figure  3. 

When  the  light  strikes  the  photo- 
sensor — version  (a)  — the  PLC  output 
goes  high.  When  the  beam  is  interrupt- 
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ed  by  a Skeeball,  the  output  goes  low  for 
as  long  as  the  ball  falls  through  the  slot, 
then  returns  to  high.  If  your  logic  wants 
the  sensor  to  be  low  then  go  high,  use 
the  (b)  version  of  Figure  3.  I've  never 
tested  these  resistor  values  with  the  All 
Electronics  parts  recommended,  so  you 
may  have  to  tweak  the  10K  resistors  up 
(no  higher  than  100K)  to  get  a positive 
response.  If  a brighter  light  source  is 
needed,  the  2.2K  resistor  can  be 
reduced  down  to  IK  with  no  ill  effects. 


THE  IN-N-OUT  SENSOR 

QI  have  a motion  light  for  the 
bathroom  that  is  set  for  two 
minutes.  I would  like  to 
replace  it  with  an  infrared 
sensor  that  would  come  on  when  I walk 
in  and  off  when  I go  out. 

— Clarence  Hawkins 


A An  IR  heat  sensor  won't  work 
as  you  plan  because  it  will 
give  false  readings  from  a lin- 
gering shower,  space  heater, 
and  other  heat  sources  that  remain  after 
you've  left  the  bathroom.  How  about  an 
ingress/egress  detector  that  would  mon- 
itor your  direction  into  or  out  of  the  room 
and  control  the  light  accordingly?  All  it 
takes  is  a pair  of  photosensors  steering 


a logic  circuit,  as  shown  in  Figure  4. 

The  circuit  works  by  determining 
which  photosensor  is  activated  first. 
Let's  say  the  light  source  to  Ql  is  inter- 
rupted first.  This  causes  the  monostable 
timer  (4001  gates)  to  start  and  lock  the 
states  of  Ql  (HIGH)  and  Q2  (LOW)  into 
the  4027  flip-flop.  This  causes  the  Q 
output  of  the  flip-flop  to  go  high  and 
pull  in  the  relay.  It  also  locks  out  the 
sensors  for  one  minute  so  that  further 
movement  will  be  ignored.  When  you 
exit,  Q2  is  blocked  and  the  Q output 
goes  low,  causing  the  relay  to  drop  out. 

Placement  of  the  sensors  is  critical. 
Obviously,  they  have  to  be  placed  hori- 
zontally, one  in  front  of  the  other.  And 
they  have  to  be  spaced  far  enough  apart 
so  that  both  aren't  darkened  at  the  same 
time,  yet  close  enough  to  be  illuminated 
from  a convenient  light  source  — which 
can  include  IR  LEDs,  a night  light,  or 
ambient  room  light.  The  sensitivity  pots 
adjust  the  trip  point  of  the  sensors. 
Cadmium  sulfide  photocells  can  be  used 
in  place  of  phototransistors  Ql  and  Q2. 


COMPUTER  PROBLEM 

QI  was  trying  to  Network 
Neighborhood  my  two  com- 
puters to  share  my  Panason- 
ic printer  from  one  computer 


to  the  other.  I started  with  My  Comput- 
er and  went  to  — Printers,  Panasonic 
Printer,  Properties,  and  to  Details.  Where 
it  asked  “To  Print  To  The  Following  Port, 
I mistakenly  entered  Panasonic  instead 
of  LPT1 . Now  when  I try  to  click  onto  the 
Panasonic  printer  I get  an  Illegal 
Operation  — with  an  explanation 
SPOOL  32  caused  a stack  fault  in  mod- 
ule KERNEL  3. 2. DLL  at  016f:bff7a2al. 

I tried  to  delete  the  Panasonic 
icon,  but  it  won't  let  me.  To  get  out  of 
this  situation,  I had  to  End  Printers 
Task  and  shut  down  the  computer. 
When  I restart  the  computer  every- 
thing works  okay  as  long  as  I stay 
away  from  the  Panasonic  icon.  Even 
highlighting  the  icon  puts  the  system 
into  an  illegal  program  situation.  Is 
there  a way  to  rectify  this  problem? 

— Scott  Jones 


A Normally  I don't  answer 
questions  that  deal  with 
specific  operating  system 
software  errors,  but  this  is 
one  I ran  across  myself  recently  and  can 
answer  without  reserve.  The  problem 
is  in  the  Windows  XP  Registry.  You  have 
cross-linked  the  two  devices  (port  and 
printer)  and  XP  is  confused,  which  is 
why  you  are  getting  the  error  message. 
You  need  a good  Registry  software 
program  to  set  things  straight. 

I personally  use  Registry  Mechan- 
ic from  PC  Tools  (www.pctools.com), 
which  sells  for  $29.99,  but  a search  of 
the  web  will  turn  up  both  freeware  and 
shareware  for  less  — most  of  which 
I haven't  tested.  I suggest  that  all 
Windows  XP  users  do  an  occasional 
scan  of  their  Registry  — and  each  time 
you  make  a change  to  your  system.  You 
never  know  what  secrets  are  lurking  in 
a new  application. 


T-BIRP  TAIL  LIGHTS 

a A friend  who  creates  minia- 
ture dioramas  of  vintage  au- 
tomobiles recently  asked  me 
if  I had  ever  seen  a circuit 
that  would  simulate  the  turn  signals 
for  a 1967  Ford  Thunderbird.  When  trig- 
gered, the  first  LED  would  light,  then 
a second  LED,  and  then  a third.  At  this 
point,  the  display  goes  dark  and  the 
cycle  repeats.  He  wants  to  activate 
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QUESTIONS  & ANSWERS 


either  the  left-  or  right-turn  signal  from 
outside  the  diorama  using  a momen- 
tary contact  switch.  Do  you  have  any 
suggestions? 

— Jon  Westcot 

Ain  the  original  Ford  design, 
the  direction  indicator  used 
a series  of  cams  on  a single 
shaft  that  would  close  then 
open  three  micro  switches  in  sequence 
when  the  shaft  was  rotated.  Essential- 
ly, a mechanical  timer  that  turned 
on  when  the  turn  switch  was  activated. 
Of  course,  that  was  40  years  ago, 
before  they  began  putting  micro- 
processors in  cars. 

Today,  the  solution  is  a serial 
in/parallel  out  shift  register  — like  the 
4015  circuit  shown  in  Figure  5.  A shift 
register  is  a series  of  flip-flops  that 
moves  ("shifts”)  a train  of  pulses  from 
the  input  to  the  output.  If  you  moni- 
tor the  pulse  train  at  each  stage,  you 
can  watch  it  ripple  from  the  beginning 
to  the  end.  This  is  what  a serial  in/ 
parallel  out  shift  register  does. 

To  make  a T-Bird  signal,  the  flip- 
flops  are  first  cleared  to  zero.  The  data 
input  (pin  D)  is  then  taken  high  and 


taught.  But  like  all  electronic  buffs,  I have 
boxes  of  old  "stuff  "Among  the  junk  I found  an 
old  cable  converter  box  — and  it  works 
perfectly.  I set  the  TV  to  channel  3 and  tune 
from  the  converter.  — Richard 


transferred  to  the  first  flip-flop  on  the 
rising  edge  of  the  clock  signal  (gener- 
ated by  the  4011  CMOS  oscillator). 
This  sets  the  Q1  output  high.  Again, 
the  data  input  is  set  high  and  clocked 
into  the  first  flip-flip.  This  causes  the 
data  bit  in  the  first  flip-flop  to  advance 
and  be  locked  in  the  second  flip-flop. 
We  now  have  outputs  Q1  and  Q2 
high  and  output  Q3 
low  — that  is  until 
the  next  clock  pulse 
which  moves  the 
bits  one  more  step 
down  the  line  and 
lights  all  three 
LEDs. 

Now  comes  the 
fourth  clock  pulse. 
At  this  point,  we 
enter  another  one 
(high)  into  the  reg- 
ister, which  causes 
Q4  to  go  high.  It 
just  so  happens 
that  when  the  reset 
input  (pin  R)  goes 
high  — notice  it's 
tied  to  Q4  — it 
clears  all  the  out- 
puts to  zero.  Lights 
out.  The  next  clock 
pulse  then  inputs  a 
one  bit  into  the 
first  flip-flop,  and  it 
begins  all  over 
again. 


To  start  the  sequence,  you  need 
to  press  and  hold  down  the  left  or 
right  push-button  — depending  on 
which  direction  you  want  to  go. 
Pressing  both  at  the  same  time  will 
give  you  the  brake  light  effect  of  the 
T-Bird  and  later  the  Mercury  Cougar. 

KEEP  THAT 
JUNK  BOX  FULL 

a I have  a small  TV  that  fits 
well  at  my  desk/work  station. 
It's  an  older  model  Pana- 
sonic TR-1010P  with  a 
telescoping  antenna  and  no  external 
antenna  connection.  Is  there  a 
modification  that  will  allow  me  to 
connect  this  TV  to  cable? 

— Richard  Gravina 
Decantur,  GA 

A A few  fixes  pop  to  mind.  But 
the  fact  that  this  is  a pocket 
TV  with  a 1.5”  screen  limits 
the  choices.  As  in,  it  rules  out 
popping  the  cover  and  adding  a jack. 
The  point  of  entry  has  to  be  through 
the  whip  antenna. 

If  your  desk  is  metallic,  or  has  a 
metallic  apron  or  legs,  first  tie  the 
braid  of  the  coax  from  the  cable  to  a 
metallic  part  of  the  desk.  If  it's  all 
wood,  place  a piece  of  aluminum  foil 
under  the  TV  set  (making  a ground 
plane)  and  tie  that  to  the  braid.  Sec- 


March  2006  NUTSiVOLTS  23 


ond,  collapse  the  antenna  to  minimum 
length  and  rested  position.  Finally, 
connect  the  center  conductor  of  the 
cable  to  the  rod  antenna  through  a 100 
pF  or  similar  low-value  capacitor. 

If  the  signal  strength  of  the  cable 
is  too  strong,  the  TV's  AGC  (automatic 
gain  control)  won't  be  able  to  cope  and 
some  channels  will  distort.  If  this 
happens,  place  a cable  attenuator  (20 
dB)  in  line  with  the  cable  before  the 
capacitor  take  off. 


STAMP  COLLECTING 
SECRETS 


Ql'm  trying  to  make  a UV  water- 
mark detector  (using  UV  LEDs) 
to  help  find  watermarks 
on  stamps.  I've  tried  to  use 
the  basic  LED  flashlight  approach  to 
no  avail. 

— Phil  Perez 
USMC,  Ret. 
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A Watermarks  are  placed  on 
business  letterhead,  bank 
notes,  currency,  and  postage 
stamps.  Originally,  water- 
marks meant  the  areas  of  a document 
where  the  paper  was  pressed  thinner 
than  the  whole  — usually  in  the  form  of 
an  image  or  initials.  In  recent  years,  wa- 
termarks have  given  way  to  fluorescent 
paper/inks  and  phosphor  tagging. 

Fluorescence  — Stamp  paper  or  inks 
containing  fluorescent  dyes  that  glow 
when  exposed  to  long-wave  ultraviolet 
light  with  a peak  wavelength  of  365  nm. 
There  is  no  afterglow.  Fluorescent 
papers  usually  glow  a bluish-white; 
stamp  inks  containing  fluorescent  dyes 
can  glow  in  a variety  of  colors. 

Phosphor  Tagging  — A clear  phos- 
phor colloidal  solution  (tagging  ink) 
applied  over  a stamp,  to  its  paper,  or 
mixed  with  the  ink.  Tagging  glows  when 
exposed  to  short-wave  ultraviolet  light 
that  peaks  at  254  nm,  and  has  a brief 
afterglow  that  is  used  by  automatic 
canceling  machines  to  find,  face,  and 
cancel  an  envelope's  stamp.  Reddish 
tagging  was  only  used  for  air  mail 
stamps  from  1963  to  1978.  Beginning 
1978,  bluish-green  tagging  was  used 
for  all  subsequent  air  mail  stamps. 

Now  for  the  bad  news.  There  are 
very  few  ultraviolet  LEDs  on  the  market 
that  emit  at  380  nm,  fewer  at  365  nm  — 
and  none  that  emit  below  365  nm, 
certainly  not  at  254  nm.  Which  leaves 
you  with  fluorescent  tubes. 
Fortunately,  blacklight  tubes  — as  they 
are  called  — are  readily  available  at 
these  wavelengths.  And  they  don't 
require  a special  light  fixture.  A 
battery-operated,  fluorescent  lamp 
often  sold  for  emergency  lights  in  auto 
glove  compartments  is  perfect.  You  can 
find  the  blacklight  tubes  at  gem  shops 
or  stamp  supply  stores. 


COOL  WEBSITES 

It  seems  like  every  week  I 
discover  another  way  to  do  an 
Internet  search.  For  instance,  I 
just  ran  across  Lexxe  — an 
ask-a-question  site  at 
www.lexxe.com  It  lets  you  surf 
the  net  using  plain  language. 
Got  a question?  Lexxe  has  the 
answer  — but  it  can  be  slow. 
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We’re  constantly  updating  the  technical  documents  on  our  site  as  well.  So  as  you’re 


thumbing  through  our  catalog,  be  sure  to  look  for 
additional  products  referred  to  on  our  website  at 
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MORE  FUN  WITH  FREESCALE'S 
MICROCONTROLLERS 

WELCOME  BACK!  Hopefully  you've  visited  freescale.com,  gotten  yourself  a 
copy  of  the  free  Freescale  Semiconductor  CodeWarrior  Development  Studio 
for  HC08  v5.0.,  and  you've  built  up  your  own  MC68HC908MR16  MCU  module. 


FOR  YOUR  INFO 

Listings  1-4  referenced  in 
this  article  are  available  on 
the  Nuts  & Volts  website. 
Go  to  www.nutsvolts.com 
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point  out  that  when  you  see  numbers 
like  "0x12345”  in  this  text,  the  Ox 
denotes  hexadecimal  representation. 
A Ob  preceding  a string  of  Is  (ones) 
and  Os  (zeros)  denotes  a binary 
representation  of  the  number  in  the 
spotlight.  An  "x”  inside  a binary  or  hex 
number  string  represents  a "don't 
care.”  As  you'll  see,  I will  use  an  "x"  as 
a place  holder  when  I'm  highlighting 
certain  bits  in  a binary  number  or  set 

of  hex  characters. 

You'll  also  want  to  go 
ahead  and  download  all 
of  the  MC68HC908MR16 
project  files,  as  I'll  be  refer- 
encing them  as  we  go  along. 
You  can  get  them  from  the 
Nuts  & Volts  website  (www. 
nutsvolts.com)  or  from  the 
EDTP  Electronics  website 
(www.edtp.com). 


flapping  my  jaws  so  we  can  get  to 
work.  Let's  begin  by  bringing  up  the 
MC68HC908MR16's  RS-232  serial  port. 


CODING  AND 
ACTIVATING  THE 
MC68HC908MR16 
RS-232  PORT 

Before  we  begin,  I would  like  to 


All  of  the  MC68HC908MR16 
groundwork  was  done  in  the 
previous  installment  of  Design  Cycle, 
and  we've  got  plenty  of  new 
MC68HC908MR16  stuff  to  cover  this 
time  around.  So,  be  sure  to  download 
all  of  the  MC68HC908MR16  C project 
files  I've  provided  so  you  can  follow 
along  live  and  in  real-time  with  the 
text  and  new  MC68HC908MR16 
projects  I'm  about  to  present.  I'll  stop 


■ PHOTO  I.TheTarget  CPU 
window  is  very  interesting. 
I recommend  that  you 
click  around  on  its  contents 
to  see  where  you  are  taken. 
The  Bean  Drill  consists  of 
choosing  a Bean  using  the 
Bean  Selector,  adding  the 
chosen  Bean  to  the  project, 
and  configuring  the  Bean 
with  the  Bean  Inspector. 
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THE  DESIGN  CYCLE 


Obtaining  an  MC68HC908MR16 
datasheet  from  the  Freescale  website 
would  be  a good  idea,  as  well.  Okay, 
now  that  you've  been  given  the  keys  and 
shown  the  secret  codes,  let's  go  get  'em. 

We'll  build  our  RS-232  serial  port 
code  on  the  foundation  we  previously 
laid  for  the  LED  blinker  code.  As  you 
can  see  in  the  Photo  1 screen  shot,  I've 
selected  the  AsynchroSerial  Bean  from 
within  the  Bean  Selector  window  and 
double-clicked  on  it  to  add  it  to  our 
newC  project  (MR16_ADC),  along  with 
the  BitIO  Bean  we  added  previously.  I 
then  proceeded  to  configure  the 
AsynchroSerial  Bean,  which  I renamed 
to  RS-232,  using  the  Bean  Inspector. 

The  result  of  my  selecting  and 
configuring  the  AsynchroSerial  Bean 
and  initiating  a compile  was  the 
creation  of  a file  called  RS232.C,  which 
holds  all  of  the  C and  assembler  rou- 
tines necessary  to  send  and  receive 
characters  via  the  MC68HC908MR16's 
SCI  (Serial  Communications 
Interface).  Recall  that  the  same  file 
creation  process  occurred  when  we 
planted  the  LED_BIT  I/O  Bean  in  last 
month's  installment  of  this  column 
and  spawned  the  LED_BIT.c  file. 

If  you  take  the  time  to  explore  the 
Bean  Inspector's  Methods  and  Events 
areas,  you'll  find  that  many  of  the 
advanced  RS-232  functions  are  unavail- 
able. I figure  that's  because  we're  using 
a "FREE''  C compiler  and  you  get  what 
you  pay  for.  In  any  case,  all  we  want  to 
do  is  send  and  receive  characters  via 
the  MC68HC908MR16's  serial  port  and 
there  are  enough  options  we  can 
choose  from  in  the  Bean  Inspector 
Methods  area  to  make  that  happen. 

Okay,  so  now  — thanks  to  the 
AsynchroSerial  Bean  — we  have  some 
workable  RS-232  send/receive  code,  in 
addition  to  our  LED  blinker  I/O  code. 
Adding  the  RS-232  Bean  also  posted 
some  changes  in  the  MC68HC908MR16 
startup  files.  Let's  examine  the  low- 
level  initialization  code  in  Listing  1. 

At  first  glance,  the  statement 
setReg8Bits(PTB,  0x04);  (which  you 
and  I didn't  write)  is  obviously  a 
function  or  macro  that  is  most  likely 
setting  some  bits  in  an  eight-bit 
register.  However,  the  question  may 
arise  as  to  what  do  the  arguments  of 
this  statement  represent.  An  intuitive 


guess  would  be  that  the  bit  2 of  I/O 
Port  B is  being  set  (ObOOOOOlOO).  In 
this  case,  my  guess  is  correct  and  as 
Spock  would  say,  "Random  chance 
seems  to  have  operated  in  our  favor." 

To  be  sure  of  what  the  state- 
ment's intentions  are,  all  we  have 
to  do  is  place  the  cursor  on  the 
statement  in  question  and  right-click. 
You  will  be  prompted  to  be  taken  to 
the  coded  definition  of  the  statement 
which,  in  this  case,  is  a macro.  The 
definition  of  setReg8Bits(PTB,  0x04); 
is  contained  within  the  PE_Types.h 
file  and  looks  like  this: 


ing  bit  4 of  Port  F's  Data  Direction 
Register  providing  an  input  I/O  pin  for 
our  SCI  receive  pin. 

Conversely,  we  are  setting  bit  5 of 
Port  F's  Data  Direction  Register  to 
provide  an  output  I/O  function  for  our 
SCI  transmit  pin. 

A right  mouse  click  on  the  next 
statement,  RS232_Init( ) ; , tells  us 
that  the  C statement  represents  a 
function,  which  is  found  in  the 
RS232.C  file  we  generated  when  we 
activated  and  compiled  our  RS232 
Bean.  Once  you  navigate  to  the 
RS232.C  file,  you'll  find  that  the 


#define  setReg8Bits (RegName,  SetMask)  (RegName  |=  (byte) (SetMask) ) 


Once  armed  with  the  supporting 
macro  code,  translating  setReg8 
Bits(PTB,  0x04);  is  easy.  The  PTB  (Port 
B)  data  latch  (RegName)  is  being 
"OR"ed  with  the  mask  value  SetMask 
(0x04),  which  sets  bit  2 of  Port  B.  The 
next  statement,  setReg8Bits(DDRB, 
0x04);  places  bit  2 of  Port  B into  output 
mode  by  setting  bit  2 of  the  Port  B Data 
Direction  Register. 

A look  at  Schematic  1 tells  you  that 
the  two  lines  of  C source  we've  just 
digested  are  working  on  the  LED,  which 
is  attached  to  bit  2 of  Port  B.  While  your 
eyes  are  on  the  schematic,  note  that  the 
RS-232  port  pins  are  located  in  Port  F 
territory.  Fire  up  your  copy  of 
CodeWarrior  Development  Studio  for 
HC08  v5.0,  pull  up  the  Listing  1 
C source  (the  Cpu.c  file  from  the 
project  MR16_RS232)  and  right-click  on 
the  clrSetREg8Bits(DDRF,  0x10,0x20); 
statement.  A window  containing  the 
PE_Types.h  file  contents  will  appear. 
The  breakdown  of  the  code  behind 
the  clrSetREg8Bits(DDRF,  0x10,0x20); 
statement  will  look  like  this: 


RS232_Init  function  simply  sets  the 
desired  baud  rate  (we  defined  the 
baud  rate  in  the  Bean  Inspector)  and 
activates  the  SCI  asynchronous 
transmitter  and  receiver. 

We're  done  with  the  foundation 
of  our  RS-232  serial  port  code.  What  I 
hope  that  you  have  come  away  with  is 
that  you  can  right-click  on  functions, 
macros,  declarations,  and  variable 
definitions  in  the  project's  C source 
and  be  taken  to  the  location  of  a 
lower  level  of  source  code,  which  will, 
in  most  cases,  yield  a pretty  good 
explanation  of  the  object  you  right 
clicked  on. 

The  code  snippet  from 
MR16_RS232.c  shown  in  Listing  2 
applies  the  RS-232  routines  provided 
by  the  AsynchroSerial  Bean  (the 
RS232  Bean  in  our  program)  and 
echoes  any  incoming  character.  I 
modified  our  initial  LED  blinker 
program  for  use  in  the  RS-232  echo 
code.  Every  pass  through  the  endless 
loop  alternately  illuminates  and 
extinguishes  the  LED.  When  you're 


#define  clrSetReg8Bits (RegName,  ClrMask,  SetMask) 

(RegName  = (RegName  & (~  (byte)  (ClrMask)  ) ) | (byte)  (SetMask)  ) 


The  first  argument,  ClrMask 
(0x10),  specifies  which  RegName  bit 
to  clear,  while  the  second  argument, 
SetMask  (0x20),  sets  the  bit  set  fourth 
in  the  mask,  which  is  bit  5,  in  this 
instance.  The  inclusion  of  DDRF  in 
the  macro  as  RegName  implies  that 
we  are  working  on  the  Data  Direction 
Register  of  Port  F.  Thus,  we  are  clear- 


not  thumping  on  the  keyboard  to 
send  a character,  the  blinking  LED 
gives  some  indication  that  the 
program  is  actually  running. 

Now  that  we  have  a primitive 
communications  portal  by  way  of  the 
MC68HC908MR16's  SCI,  let's  press 
forward  and  cook  up  an  analog-to- 
digital  converter  Bean. 
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CODING  AND 
ACTIVATING  THE 
MC68HC908MR16  ADC 

Looking  at  the  MC68HC908MR16 
datasheet,  I found  that  the  MC68HC 
908MR16  houses  a 10-channel  analog- 
to-digital  converter  module  with 
10  bits  of  resolution  (0x3FF  or 
Obi  111111111  full  scale).  In  a nutshell, 
the  MC68HC908MR16  employs  an 
analog  multiplexer  to  select  one  of  10 
analog  input  channels  that  feed 
a successive  approximation-based 
analog-to-digital  converter  subsystem, 
which  signals  the  end  of  an  analog-to- 
digital  conversion  by  raising  a flag  or 
generating  an  interrupt  request.  The  10- 


bit  analog-to-digital  conversion  result 
is  placed  in  a pair  of  special-purpose 
MC68HC908MR 1 6 data  registers,  ADRH 
and  ARDL.  For  now,  let's  put  the 
MC68HC908MR16  datasheet  aside  and 
see  what  the  ADC  Bean  can  do  for  us. 

The  BEAN  configuration  process 
for  the  ADC  BEAN  is  identical  to  that 
of  the  RS-232  and  LED_BIT  Beans  we 
configured  previously.  I accessed  the 
Bean  Selector  window  and  double- 
clicked the  ADC  Bean  to  insert  it  into 
the  new  ADC  project,  which  is  called 
MR16_ADC.  I noticed  that  the  analog 
input  was  assigned  to  the  I/O  pin  that 
I was  using  for  the  LED.  I still  want  to 
blink  the  LED  as  a run  indicator  and  I 
don't  want  to  change  or  throw  away 
the  LED  code  I've  already  written.  So, 


I deleted  the  newly  inserted  ADC 
Bean  and  moved  to  the  Port  I/O 
folder  in  the  Bean  Selector  window. 

Once  there,  I double-clicked  on  the 
BitIO  Bean  and  inserted  it  into  my  new 
MR16_ADC  project.  Once  I saw  that  the 
LED  had  once  again  assumed  my 
desired  position  on  Port  B,  I configured 
the  LED_BIT  Bean  to  match  the 
configuration  I laid  out  in  the  previous 
RS-232  application  we  just  discussed.  I 
then  reinserted  the  ADC  Bean,  saw  that 
it  was  assigned  to  the  next  available 
Port  B I/O  pin,  named  it  ANALOG,  and 
started  the  Bean  configuration  process. 

The  Bean  Inspector  wouldn't  let 
me  enter  anything  that  would 
jeopardize  the  functionality  of  the 
MC68HC908MR16  analog-to-digital 
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converter.  Although  there  were  multiple 
choices  for  analog-to-digital  converter 
resolution  offered,  all  of  them  were 
disabled  with  the  exception  of  one.  I 
was  forced  to  choose  10  bits  of  analog- 
to-digital  converter  resolution  and  I was 
offered  only  two  choices  for  conversion 
time,  which  were  18.446  pS  and  27.669 
pS.  I chose  the  27.669  pS  conversion 
time  as  its  error  percentage  was 
specified  at  0.000979%  versus  2.479% 
for  the  18.446  pS  conversion  time. 

Within  the  Methods  area  of  the 
ADC  Bean,  I decided  to  allow  the  full 
use  of  the  10  bits  of  resolution  and 
nixed  any  code  generation  that 
truncated  the  analog-to-digital  con- 
verter's output  to  eight  bits.  After 
compiling  the  MR16_ADC  project  for 
the  first  time  to  establish  the  project's 
supporting  file  system  and  the  Bean 
code  for  the  ANALOG. c file,  I copied 
the  MR16_RS232  project's  LED  blink- 
er code  — the  endless  loop  structure 
— and  related  includes  and  variable 
definitions  into  the  ADC  project's 
MR16_ADC.c  application  file. 

As  we  discovered  earlier,  I again 
had  to  change  the  PLL  value  from 
Ox  IE  to  0x66  in  the  MR16_ADC 
project's  Cpu.c  file  so  that  the  PLL 
could  lock  and  provide  an  accurate 
clock  signal.  At  this  point,  I should 
have  a simple  LED  blinker,  (ust  to 
check  things  out,  I compiled  the 
project  again  and  loaded  it  into  the 
MC68HC908MR16.  The  LED  blinked 
as  designed.  Things  are  good. 

From  experience,  we  know  that  the 
Processor  Expert  has  generated  all  of 
the  necessary  analog-to-digital  convert- 
er initialization  files,  which  it  placed  in 
a file  named  after  the  ADC  Bean 
(ANALOG.c).  Before  we  start  to  add  any 
analog-to-digital  converter  functions 
and  macros  to  our  project,  let's  examine 
the  initialization  actions  that  were 
taken  against  the  analog-to-digital 
converter  configuration  registers. 

Access  the  package  of 
MC68HC908MR16  projects  you've 
downloaded  from  the  Nuts  & Volts  or 
EDTP  websites  and  pull  up  your  copy 
of  ANALOG.c  from  within  the 
MR16_ANALOG  project.  ADCLK  is 
the  first  analog-to-digital  converter 
register  that  is  altered  in  the  analog- 
to-digital  converter  initialization 


function  ANALOGJnit.  The  macro 
setReg8  is  used  to  load  the  ADCLK  reg- 
ister with  0x64.  The  MC68HC908MR16 
datasheet  tells  us  that  the  three  most 
significant  bits  of  the  most  significant 
nibble  (ObO  1 lx)  determines  the  ADC 
Clock  Divide  Ratio,  which  in  our  case 
divides  the  ADC  clock  by  eight.  The 
least  significant  bit  of  the  most  signifi- 
cant nibble  (ObxxxO)  has  a value  of 
zero,  which  tells  us  that  the  analog-to- 
digital  converter  is  getting  its  clock 
from  the  external  clock  (CGMXCLK). 

Recall  that  the  frequency  of 
CGMXCLK  is  equal  to  the  frequency  of 
the  crystal,  which  is,  for  us,  4.9152 
MHz.  The  MC68HC908MR16  datasheet 
goes  on  to  say  that  the  analog-to-digi- 
tal  converter  internal  clock  must  lie 
between  500  kHz  and  1.048  MHz.  This 
internal  ADC  clock  frequency  range  is 
called  fADic-  We  know  that  our  analog- 
to-digital  converter  clock  divisor  is  8 
and  our  CGMXCLK  is  4.9152  MHz.  We 
can  calculate  our  fADic  as  follows: 


The  ADSCR  (ADC  Status  and 
Control  Register)  is  the  next  register 
acted  upon  by  the  ANALOGJnit  func- 
tion. Again,  a setReg8  macro  loads 
the  ADSCR  register.  This  time  the 
value  loaded  is  Ox  IF,  which  powers 
off  the  analog-to-digital  converter 
module.  Hopefully,  we'll  see  some 
code  later  that  enables  the  analog-to- 
digital  converter  and  looks  for  input 
from  our  designated  analog  input  pin. 
With  that,  let's  put  some  analog-to- 
digital  converter  code  together. 
Listing  3 is  a code  snippet  that  is 
taken  from  the  MR16_ADC.c  file.  Let's 
talk  about  it  from  top  to  bottom. 

The  variable  ANALOG_OutV  is 
defined  in  the  ANALOG.c  file.  To  use  it 
here,  we  must  declare  it  as  an  external 
variable.  The  rest  of  the  variable  decla- 
rations aren't  new.  However,  I did  throw 
out  the  "a”  and  substituted  "result"  to 
make  things  a bit  more  readable  in  the 
source  code.  The  variable  declarations 
are  followed  by  a call  to  initialize  the 


fADic  = CGMXCLK  / ADC  Clock  Divide  Ratio  = 4.9152MHz/8  = 614.4kHz 

Now  that  we've  calculated  fADic, 
which  is  also  our  ADC  frequency,  and 
found  it  to  be  within  specifications;  we 
can  apply  some  simple  math  and  justi- 
fy that  conversion  time  figure  of  27.669 
pS  that  the  Bean  Inspector  forced  me 
to  choose.  Analog-to-digital  converter 
conversion  time  is  defined  as  follows: 

MC68HC908MR16  and  the  peripherals 
within  it  we  have  chosen  to  use. 

The  ball  starts  to  roll  when  we  ini- 
tiate the  analog-to-digital  conversion 
using  the  ADC  Bean's  ANALOG_ 
Measure  function.  I have  chosen  to 
only  take  and  process  one  ADC  value 
at  a time.  The  CodeWarrior 

Conversion  Time  = 16  to  17  ADC  Cycles  / ADC  Frequency 

I'll  save  us  some  time  and  tell  you 
that  the  Bean  Inspector  does  not  use  16 
cycles  to  compute  the  analog-to-digital 
converter  conversion  time.  So,  substi- 
tuting the  known  values  we've  previ- 
ously dug  up  and  using  17  ADC  cycles: 

Development  Studio  for  HC08  v5.0  C 
compiler  does  not  include  printf  func- 
tionality automatically  in  the  libraries. 
So,  instead  of  implementing  the  printf 
workarounds  presented  in  the  help 
text,  I resorted  to  caveman  tactics  to 
convert  the  hexadecimal  analog 

Conversion  Time  = 17  / 614.4kHz  = 27.669uS  voltage  readings  into  Some- 

Okay,  another  mystery  solved. 
Now,  let's  finish  up  deciphering  the 
ADCLK  value.  I specified  right 
justified  analog-to-digital  converter 
results  in  the  ANALOG  Bean  configu- 
ration. That  is  reflected  by  the  two 
most  significant  bits  of  the  least 
significant  nibble  of  the  ADCLK  value 
(ObxxxxOlxx).  Bits  0 and  1 of  the 
ADCLK  register  are  always  zero. 

ining  a numan  can  reaa. 

In  true  caveman  style,  I allocated 
four  bytes  (ones,  tens,  hundreds, 
thousands)  to  represent  a number  in 
the  format  of  x.xxx  decimal.  I also 
provided  a +5. 12V  power  supply  for 
the  MC68HC908MR16  hardware  to 
provide  for  0.005-volt  steps  for  all 
of  1024  (0  through  1023)  steps  of  the 
10-bit  analog-to-digital  converter 
(+5. 12V/  1024  = 0.005V  per  step). 
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Doing  these  things  allowed  me  to 
add  five  to  the  ones  variable  for  each 
step  of  voltage  measured  by  the 
MC68HC908MR 1 6's  analog-to-digital 
converter.  The  ASCII  values  0x30 
through  0x39  represent  a readable  1 
through  9,  respectively.  So,  I initial- 
ized all  of  the  digit  variables  to  0x30 
(readable  zero)  and  looked  for  an 
overflow  to  0x3A  after  each  increment 
of  five  operation.  The  result  is  an  up- 
counter  that  converts  the  value  of 
ANALOG_OutV  to  a human  readable 
number  between  0.000  and  5.120, 
which  represents  the  voltage  applied 
to  the  MC68HC908MR16's  analog-to- 
digital  converter  input  pin. 

You  can  observe  the  caveman 


counter's  operation  by  single  stepping 
through  the  code  in  debug  mode.  Once 
the  incoming  voltage  is  converted  to 
human  readable  form,  I used  our  RS-232 
Bean  code  to  send  the  ASCII  voltage 
reading  to  a terminal  emulator  running 
on  a PC.  To  eliminate  missing  characters 
and  to  make  the  voltage  values  a bit 
easier  to  read,  the  ASCII  characters  need 
to  be  paced  to  the  terminal  emulator 
and  instead  of  writing  some  homebrew 
delay  code,  I enabled  the  Delay  100US  in 
the  Methods  area  of  the  Cpu  Bean 
Inspector. 

I recommend  you  use  Tera  Term 
Pro  as  the  terminal  emulator.  You 
can  get  a free  copy  of  Tera  Term  Pro 
from  the  Tera  Term  Pro  home  page 
at  http://hp.vector.co.jp/ 
authors/VA0024 16/tera 
term.html  You  can  see  the 
ADC  code  running  and 
talking  to  Tera  Term  Pro  in 
Photo  2. 


EASY  PWM 
WITH  THE 
MC68HC908HIR16 

There  are  two  ways  to 
get  a usable  PWM  signal  out 


■ PHOTO  3 


■ PHOTO  2. This  is  a good  look  at  the 
debugging  tools  provided  by  the  P&E 
Cyclone  Pro.  The  voltage  readings 
are  shown  in  theTeraTerm  Pro  window. 
Using  the  10K  pot,  I dialed  in  +2.500 
volts  as  the  input  voltage  to  the  MC68HC 
908MR16's  ADC.  Although  the  results  look 
really  bad  in  raw  form,  if  you  average  the 
20  readings  you  see,  the  average  voltage 
works  out  to  be  +2.57  volts. 

of  the  MC68HC908MR16.  The  first 
method  entails  reading  the  41  pages  of 
the  MC68HC908MR16  datasheet 
describing  the  care  and  feeding  of  the 
MC68HC908MR16's  multi-channel  PWM 
subsystem.  Then,  write  the  PWM  code 
you  need.  The  second  method  does  not 
require  any  datasheet  study  and  allows 
you  to  programmatically  set  the  PWM 
period  and  duty  cycle  in  real  time  units 
of  microseconds  or  milliseconds. 

Behold  Listing  4.  Just  by  looking 
at  the  code  snippet  in  Listing  4,  you 
already  know  which  of  the  aforemen- 
tioned PWM  generation  methods  I 
used.  The  song  remains  the  same.  I 
selected  the  PWM  Bean  from  the 
Timer  folder  within  the  Bean  Selector 
and  double-clicked  it  into  my  new 
MR16_PWM  project.  Configuration  of 
the  PWM  Bean  included  renaming  the 
Bean  to  SERVO,  setting  a PWM  period 
of  20  mS,  and  setting  up  the  pulse 
polarity  to  produce  a high-going 
pulse. 

I compiled  the  project  and  insert- 
ed the  result=SERVO_SetDutyUS 
function,  which  was  generated  in  the 
SERVO. c file.  Notice  the  absence  of  my 
omnipresent  LED  blinker  code.  There's 
no  need  for  it  here,  as  I attached  an 
Airtronics  94102  servo  to  the  fourth  bit 
of  the  MC68HC908MR16's  Port  E.  The 
source  code  you  are  looking  at  in 
Listing  4 continually  takes  the  servo 
rotor  to  and  from  both  the  clockwise 
and  counterclockwise  extremes 
stopping  at  the  center  point  with  each 
traversal. 


ROTATING  OUT 

All  of  the  additional  modifica- 
tions to  the  solderless  breadboard 
can  be  seen  in  Photo  3.  As  you  can 
see,  I've  added  an  RS-232  port,  a 
potentiometer,  and  a hobby  servo.  All 
of  this  circuitry  could  have  just  as  eas- 
ily been  assembled  in  a point-to- 
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point  or  wire-wrap  configuration. 

Like  the  A- 10  Thunderbolt  (affec- 
tionately called  the  Warthog),  which 
is  built  around  a massive  Avenger  30 
mm  seven-barrel  cannon,  the 
MC68HC908MR16  is  actually  built 
around  the  gaggle  of  six  PWM  outputs 
it  supports.  Using  the  CodeWarrior 
Development  Studio  for  HC08  v5.0 
and  its  Beans  to  generate  PWM  code 
is  a quick  and  easy  way  to  put  PWM  to 
work  for  you.  However,  even  though 
I've  used  Beans  exclusively  through- 
out our  discussions,  you  don't  have  to 
use  Beans  to  generate  working 
MC68HC908MR16  code  with  the 
CodeWarrior  Development  Studio. 

If  you  prefer  to  roll  your  own  code 
from  top  to  bottom  and  compile 
using  the  CodeWarrior  Development 
Studio  for  HC08  v5.0,  you  can  do  so. 
The  Beans  are  there  to  help  you  get 
your  project  up  and  running  quickly. 
As  you  have  seen,  you  can  also  gener- 
ate Beans  and  then  back-track 
through  the  generated  C source  to 
see  how  "they”  did  it. 

EDTP  Electronics  (www.edtp.com) 
is  offering  an  MC68HC908MR16 
mounted  on  a 64-pin  platform  just  like 
you  see  in  Photo  3 for  those  of  you 
that  want  to  build  up  your  own 
MC68HC908MR16  system.  A detailed, 
close-up  shot  of  the  MC68HC908MR16 
MCU  module  is  included  in  the  code 
package  I'm  providing  for  download 
to  help  you  build  up  an 
MC68HC908MR16  module  like  mine. 

I'm  always  available  for  a 
question  or  comments,  so  please  feel 
free  to  contact  me  via  email: 
peterbest@cfl.rr.com  I hope  that  this 
series  of  Freescale  MC68HC908MR16 
columns  will  help  you  put  the 
MC68HC908MR16  into  your  Design 
Cycle.  NV 
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R/C  inputs  - serial  option 
Extruded  Aluminum  case 
4.25"  x 3.23"  x 1.1” 


1 .6“  sq 

$79.99 


$104.99 


Scorpion  Mini  - Single  6A  H-bridge  - R/C  interface 
Scorpion  HX  - Dual  6A  H-bridge  +12A  Aux  - R/C 
Scorpion  XL  - Dual  30A  H-bridge  - R/C  or  serial 


www.robotpower.com 

Phone:  253-843-2504  ♦ sales@robotpower.com 


LITEXPO™ 

| 


BUILD  YOUR  OWN  E-FRAME 

- Ideal  for  portable  slide  show  & Presentation 

- Plays  MPEG  1,  2,  4 video,  JPEG  image  & MP3 
on  TV  or  any  regular  video  monitor 

- Accepts  all  kinds  of  memory  cards 

- A 32M  CF  Card  included 

- Low  cost  OEM  version  available 

Tel:  (847)  202-0010  WWW.LITEXPO.COM 


MDV-325  Digital  Video  Player 

special:  $99/ea 

(monitor  not  included) 


MICROCONTROLLERS 

- Micros  for  Under  $5  ! 

- Starter  Kits  from  $19! 

FREE  BASIC  Compiler 
Now  Available  in  N.  America 


www.HVWTech.com 
(403)  730-8603  ESI 


i Celebrating 
y 10  Years 
^ in  Business 

" _ . A, 


GREENCHIP 


HG139 


HDTV 


Pattern  Generator 


Great  tool  for  HDTV  & Home  Theater  installer  and  enthusiast 


Perfect  for  repair, 
calibration,  and 
testing  of  HDTV 
and  other  video 

equipments  ijKfTl 

MSRP  $399 


www. GMETechnology.com 


10  MHz  DDS  Signal  Generator  visit  our  website 

NTSC  8s  Computer  Monitor  Tester  for  other  test 

WWW.gmetechnology.com  equipment  products 

TEL:  (909)865-1998  FAX  (909)865-2793  CME  TECHNOLOGY 


CUSTOM 
PLASTIC  PARTS 

Mold  manufacturing. 

Production  of  injection 
molded  parts.  No  order 
too  small  or  too  big.  Very 
competitive  or  high  labor 
parts.  For  very  small  orders  we  car  irject  your 
parts  or  marual  low  pressure  machires. 


ICUBTOM 

IMETAL  STAMPING 

We  marufacture 
our  owr  toolirg 
Site:  www.vandvmachy.com 
email:  victor@vandvmachy.com 

USA  Office:  Blink  Manufacturing  1401 9 Whispering  Palms  Dr. 

Houston, TX  77066,  PH.  281  397  81 01,  Fax.  281  397  6220. 

Mexico  Plant:  Marketing  Tech.  De  Mex.  SA  de  CV.  Alamo  93 
Cuarto  Piso,  Santa  Monica, Hal.  Edo.  De  Mexico,  54040 
Tels.01 1 52(555)  314  5325  & Oil  52(555)  360  3648 
Fax. Oil  52(555)  361  5996. 


mfw. . 


Battery  rebuilding  service 


M Se 

m 

Tools 

Hiltl  Skil 
Milwaukee 
Panasonic 
B&D  OeWalt 
Maktta  am 
2-36  Volts 


Dead  Batteries  ? Don't  toss  them. 
Send  them  to  us  - our  rebuilds  are 
better  than  original  specifications. 

Electronics  fc* 

Bar  Code  uniden 

Scanners  g e icom 

Surveying  T kenwood 

surveying  ( ~ MOTOROLA 

Printers  MB  midland 

Laptops  maxon 

Photography 


YAESU 

ALINCO 


BC  25001  MO 

Visit  www.primecell.com  for  important  details 

24  Hr  Secure  recorder  tel-fax  (814)  623  7000 
Quotes  email:  info  ©>  primecell.com 

Cunard  Assoc.  Inc.  9343  US  RT  220  Bedford  PA  15522 


PRINTED  CIRCUIT  BOARDS 


QUALITY  PRODUCT 
FAST  DELIVERY 
COMPETITIVE  PRICING 

* UL  approved 

* Single  & Double  sided 

* Multilayers  to  8 layer 

* SMOBC,  LPI  mask 

* Reverse  Engineering 

* Through  hole  or  SMT 

* Nickel  & Gold  Plating 

* Routing  or  scoring 

* Electrical  Testing 

* Artwork  or  CAD  data 

* Fast  quotes 

We  will  beat  any 
competitor ’s  prices!!! 


1 0 pcs  (3  days) 

I or  2 layers  $249 

1 0 pcs  (5  days) 

4 layers  $695 

(up  to  30  sq.  in.  ea.) 
includes  tooling,  artwork, 
LPI  mask  & legend 


PULSAR,  INC 


9901  W.  Pacific  Ave. 
Franklin  Park,  IL  60131 
Phone  847.233.0012 
Fax  847.233.0013 
Modem  847.233.0014 


yogii@flash.net  • flash.net/~yogii 


$59 


■ Works  with  MacOS  8/9,  Win9S/2KME/XP 
FreeBSD  and  Linuxl 

- 24MhzCPu  ccrewilh  USB 

- Firmware  downloadable  via  USB 

1 18  bit  parallel  inpul/Oulpvt 
1 See  web-^iie  for  add-qn  boards  pluS  ShippIlTQ 

' All  drivers,  manuals,  demos  are  an  our 

web-site  for  immediate  download1! 

ActiveWire,  Inc. 

www.  a cti  ve  wi  re  s ne.  co  m 

ph  +1 .650.465.4000  fax  +1 .209.391 .5060 


ActiveWire*®  USB 
Simple  USB  Interface! 


3 \ PANEL 
\ MOUNT 

\ OSCILLOSCOPE 

Measurements:  rms,  dB(rel),  dBV,  dBm 

Direct  Audio  power  measurements 

6 display  modes 

Input  impedance:  I Mohm/30pF 

Connection  of  internal  or  external  signals 

Bandwidth:  2MHz 

Sampling:  lOMS/s 

Power  Supply:  9VDC  or  6VAC/300mA 

GREAT  PRICES , GREAT  SHIPPING  RATES 
49  McMichael  St,  Kingston,  ON,  K7M  JM8 


Andre  LaMothe’b 

XGameStation 

Learn  Step-By-Step  Haw  to  Build 
and  Design  your  Own  video  game  Console! 


8 U 


www.XGameStatidn.cdm 

(925)  736-2D9B  support@nurve.net 


Need  an  interface 

TD  YOUR 

KEYBOARD  PORT? 


TERFACE : 
in*  KEYPADS 

- SWITCHES 

- RS-232 


TO  YOUR  PC'S  KEYBOARD 
OR  USB  PORT 


jil 


BBa-69D-9DaD 


HAC3STRDMELECTRaNICS.COM 

1 1 Fiddlers  Green,  Lansing  NY  1 4B8Z 


IMuts  & Volts 
Back  Issues 
on  CD 


Cgg.95 

plus  $4.95  s/h  USD 


You  asked  for  it, 
you  got  it! 

Now  you  can  have  all  your 
Nuts  & Volts  issues  from 
calendar  year  2004  archived 
on  a CD  that  can  be 
searched,  printed,  and  easily 
stored. 

You  can  purchase  said  CD 
from  us,  for  your  own 
personal  use,  and  donate 
your  old  paper  copies  to 
your  local  school  or  library. 
(Your  spouse  will  love  you 
for  it!) 

Earlier  years  are  in  the  works 
as  well,  so  stay  tuned  for 
their  availability. 

This  makes  a GREAT  gift,  too! 
Order  it  today  for  your  friend 
or  loved  one! 

To  order,  go  to: 

www.nutsvolts.com 

or  call 

1.800.783.4624 

or  send  a check  or 
money  order  to: 

Nuts  & Volts 
430  Princeland  Court 
Corona,  CA  92879 


CALL 

TOLL-FREE 
TO  ORDER 


C&S  SALES 


(800)292-7711  www.cs-sales.com 


CALL  OR 
E-MAIL  US 
FOR  OUR 

FREE 

CATALOG! 


Elenco®  Snap  Circuits 


Elenco’s  new  Snap  Circuits  make  learning  electronics  fun  and  easy.  Just  follow  the  colorful  pictures  in 
our  manual  and  build  exciting  projects,  such  as:  FM  radios,  digital  voice  recorders,  AM  radios,  burglar 
alarms,  doorbells,  and  much  more!  You  can  even  play  electronic  games  with  your  friends.  All  parts  are 
mounted  on  plastic  modules  and  snap  together  with  ease.  Enjoy  hours  of  educational  fun  while  learning 


about  electronics.  No  tools  required, 

6 versions  available. 

Build  up  to  750  projects! 
As  low  as  $29.95 


Uses  “AA”  batteries. 


Create 
Your  Own 
Exciting 
Experiments 


Upgrades  and  replacement 
parts  available  at: 

www.cs-sales.com 


4 Educational  Models  Available 

SC-750  - Extreme  Version,  contains  over  80  parts  to  build  over  750  experiments.  Includes  everything  from  SC-500 

plus  experiments  in  solar,  electromagnetism,  vibration  switches,  and  70  computer  interfaced  experiments $119.95 

SC-500  - Pro  Version,  contains  over  75  parts  including  voice  recording  1C,  FM  radio  module,  analog  meter, 

transformer,  relay,  and  7-segment  LED  display.  Build  over  500  experiments $89.95 

SC-300  -Deluxe  Version,  contains  over  60  parts.  Build  over  300  experiments $59.95 

SC-100  - Snap  Circuits,  Jr.,  contains  over  30  parts.  Build  over  100  experiments $29.95 


Electronic  Science  Lab 


Maxitronix  500-in-1  Electronic  Project  Lab 

Model  MX-909 

Everything  you  need  to  build 
500  exciting  projects! 

• Learn  the  basics  of  electronics.  500  different 
electronic  experiments,  special  lighting  effects, 
radio  transmitter  and  receivers,  sound  effects, 
cool  games  and  MORE 

• Includes  built-in  breadboard  and  an  LCD. 

• Explore  amplifiers,  analog  and  digital 
circuits  plus  how  to  read  schematic 
diagrams. 

• Includes  11  parts. 

• Lab-style  manual  included. 

• Requires  6 “AA”  batteries.  69 


MX-908  - 300-in-1  Lab  §69.95 
MX-907  - 200-in-1  Lab  §49.95 


MX-906  - 130-in-1  Lab  §39.95 
EP-50  - 50-in-1  Lab  §18.95 


Elenco®  Digital  Multimeters 


Model  M-1750  Model  LCM-1950 


$59. 


95 


• Large  1”  3 3/4 
Digit  LCD 

• Autoranging  Freq. 
to  4MHz 

• Cap.  to  400pF 

• Inductance  to  40H 

• Res.  to  4,000Mn 

• Logic  Test 

• Diode  & 

Transistor  Test 

• Audible  Continuity 
Test 


Quantity  Discounts  Available 


Elenco®  Educational  Kits 


Model  RCC-7K 

Radio  Control  Car  Kit 


$27.9 


• 7 Functions 

• Transmitter  included 
Non-soldering  Version 


AK-870  $27.95 


Model  AM-780K 

Two  1C  Radio  Kit 


$18.95 

Visit  our  website  www.cs-sales.com  to  see  our  assortment. 


AM/FM  Version 

AM/FM-108K  $29.95 


Model  M-1006K 

DMM  Kit 

■ 18  Ranges 


Elenco®  Test  Equipment 


Elenco®  Quad  Power  Supply 

Model  XP-581 

4 Fully  Regulated  Power  Supplies  in  1 Unit 


75 


4 DC  Voltages:  3 fixed;  +5V  @ 3A,  +12V 
@ 1A , 1 variable;  2.5  - 20V  @ 2A  • Fully 
regulated  & short  protected  • Voltage  & 
current  meters  • All  metal  case 


Elenco®  Oscilloscopes 

*Special* 


- *329 


n . . , . . SI  325  30MHz 

Probes  included 

SI  330  30MHz  Delayed  Sweep  $459 
SI 340  40MHz  Dual  Trace  $469 
SI 345  40MHz  Delayed  Sweep  $549 
SI 360  60MHz  Delayed  Sweep  $749 
SI 390  100MHz  Delayed  Sweep  $999 


Elenco®  Frequency  Counter 

1MHZ-3GHZ  Model  F-2800 

10  digit  LCD 
display 

• 16-segment  RSSI 
bargraph 

• Resolution  to  1 Hz 


(300MHz)  direct 
count 

Includes  NiCd 
charger  and 
antenna 


Guaranteed  Lowest  Prices  c&s  SALES,  INC. 


UPS  SHIPPING:  48  STATES  7% 
(Minimum  $7.00) 

OTHERS  CALL  FOR  DETAILS 
IL  Residents  add  8.75%  Sales  Tax 

SEE  US  ON  THE  WEB- 


150  CARPENTER  AVE*  WHEELING,  IL  60090 
(847)541-0710  FAX:  (847)  541-9904 
E-mail:  sales@cs-sales.com 

— ►www.cs-sales.com 


Elenco®  5MHz  Sweep 
Function  Generator 
with  built-in  60MHz 
Frequency  Counter 
Model  GF-8056  $229 


Generates  square,  triangle,  and  sine 
waveforms,  and  TTL,  CMOS  pulse. 


15  DAY  MONEY 
BACK  GUARANTEE 
2 YEAR  FACTORY 
WARRANTY 
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SPIN  THE 

GAME  WAVE™ 

TO  FUN 

ZAPiT  Games™ 
has  unveiled 
the  Game 
Wave™  — a new 
game  system  which 
allows  multiple  simulta- 
neous play,  bundled  in  a curvy  console. 

“Game  Wave™  is  unique  in  that  it 
restores  a social  dimension  to  games, 
said  (eff  Hurst,  ZAPiT  Games.  “It 
combines  the  group  interaction  of 
traditional  board  games  with  the 
excitement  of  interactive  video. 
People  find  they  just  have  to  talk  and 
laugh  with  each  other  during  play.” 
Developed  by  ZAPiT  Games,  Game 
Wave™  is  a proprietary  DVD-based 
console  that  hooks  up  easily  to  your  TV. 
It  comes  with  four  specially  designed 
color-coded  wireless  remote  units 
(batteries  included),  a removable  stor- 
age dock  that  holds  up  to  six  remotes 
(additional  remotes  are  optional),  and 
all  the  gear  required  for  TV  connection. 

To  get  play  started  right  away,  Game 
Wave  comes  with  4 Degrees  — The  Arc 
of  Trivia™,  which  offers  25  hours  of  no- 
repeat trivia  play  for  up  to  six  people, 
playing  against  each  other  and  against 
the  clock  with  their  own  color-coded 
wireless  remote.  With  4 Degrees,  every- 
one can  play  and  anyone  can  win. 

The  game  features  rich  graphics 
and  hundreds  of  still  and  video  images, 
along  with  digital-quality  sound. 
4 Degrees  features  six  categories  of 
questions:  Arts,  History,  Science, 
Sports,  Lifestyle,  and  Geography. 
Players  get  four  clues  for  each  question 
— hence  the  four  degrees  — and  there 
is  a large  range  of  posers  on  everything 
from  Cinderella  to  the  Taj  Mahal. 
Scoring  is  based  on  the  speed  and  cor- 
rectness of  answers.  Players  can  answer 


any  time  — no  more  waiting  for  turns. 
Game  Wave  features  a library  of 
other  proprietary  titles 
including  REWIND™, 
which  takes  players  on 
a video  and  photo 
tour  of  the  world's 
craziest  and  greatest 
events  from  the  past 
and  tests  general  pop 
culture  knowledge.  The 
game  also  features  special  True 
or  False  and  News  or  Not  categories. 

Other  titles  available  in  2006 
include: 

• 4 Degrees  — Volume  2 Pop  Culture : 
Offering  all-new  pop  culture  trivia 
challenges  in  the  tradition  of 
4 Degrees  — Volume  1. 

• 4 Degrees  — Bible  Trivia-.  A pictorial 
quiz  of  Biblical  trivia  that  will 
challenge  the  whole  family. 

• Zap  21:  A variation  on  Classic  Black- 
jack that  lets  up  to  six  people  play 
at  the  same  time. 

• Letter  Zap!-.  Players  build  words  from 
letter  cubes,  playing  against  the 
clock  and  each  other. 

• Pihata-.  Players  compete  against  each 
other  and  the  clock  using  pictures, 
sounds,  and  letter  clues  to  guess 
the  mystery  phrase. 

• Roll  the  Bones-.  A series  of  fun  dice 
games. 

Game  Wave  also  plays  DVD 
movies.  It  retails  for  $99.99,  which 
includes  the  console,  four  color- 
coded  wireless  remotes  with 
batteries,  a removable  storage  dock 
for  the  remotes,  RGB  and  S-video 
cables  to  hook  it  up  to  a TV,  and  the  4 
Degrees  game.  Each  game  title  sells 
separately  for  $24.99.  Additional 
remotes  retail  for  $24.99  for  a pair. 

Game  Wave  is  available  at  www. 
barnesandnoble.com,  www.master 
mindtoys.com,  and  the  ZAPit  Games 


website  listed  below. 

ZAPiT  Games 

Web:  www.zapitgames.com 


REDEFINING  EASE-OF-USE 
WITH  COMPLETE  $20  MCU 

DEVELOPMENT 
TOOL 

Texas  Instruments  Incor- 
porated (TI)  now  offers 
the  eZ430-F20 13,  the 
world's  smallest,  complete 
microcontroller  (MCU)  de- 
velopment and  evaluation 
tool,  available  for  only  $20. 

In  a compact  Universal  Se- 
rial Bus  (USB)  stick  form 
factor,  the  eZ430  tool  allows 
new  users  to  evaluate  the 
MSP430  MCU  architecture  in 
minutes  and,  for  the  first  time,  gives 
experienced  developers  all  the  resources 
they  need  to  complete  an  entire 
MSP430F20xx  project  from  start  to  finish. 
For  more  information  on  the  new  eZ430- 
F2013  tool,  go  to  TI's  website. 

"We  take  our  customer's  time  and 
development  costs  very  seriously,"  said 
Mark  Buccini,  TI's  advanced  embedded 
controls  director  of  marketing.  "The 
eZ430  is  not  only  great  for  fast  MCU  eval- 
uation, but  it  is  also  the  only  full  MCU 
development  tool  contained  in  a USB 
stick  available  today.  With  the  eZ430, 
developing  embedded  design  projects 
with  MSP430F20xx  MCUs  is  a snap." 

The  eZ430-F2013  tool  connects  to  a 
standard  PC  USB  port  and  is  self- 
powered,  requiring  no  extra  cables  or 
power  supplies.  Contained  within  the 
USB  stick  is  an  emulation  interface 
board  and  an  easily  removable 
MSP430F2013  target  board,  which  dif- 
ferentiates the  eZ430  from  other  fixed- 
function  evaluation  systems.  Using  TI's 
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innovative  Spy  bi-wire  debug  interface, 
only  two  signals  — power  and  ground 
— are  needed  to  connect  the  emulation 
interface  and  target,  enabling  very 
compact,  high-performance  MCU  devel- 
opment in  a low-cost  environment. 

The  emulation  board  communi- 
cates with  the  MSP430  MCU  target 
devices'  emulation  logic  non- 
obtrusively,  in-system  and  subject  to 
the  exact  same  electrical  characteris- 
tics as  the  final  application,  which 
eliminates  costly,  time-consuming 
intermediate  steps.  This  board  uses  a 
TI  TUSB3410  for  the  USB  interface  and 
a TPS77301  to  provide  3V  regulation 
to  the  system.  The  target  board  makes 
all  14  MSP430F201 3 pins  available  on 
an  industry  standard  0. 1 inch  through- 
hole  header  and  includes  an  LED  for 
immediate  development  feedback. 

The  eZ430  tool  includes  a free  IAR 
Kick  Start  Embedded  Workbench  IDE 
containing  a debugger,  assembler,  and  C 
compiler.  This  is  the  same  IDE  currently 
used  for  all  MSP430  MCUs,  meaning 
designers  can  leverage  existing  code 
and  expertise.  To  jump-start  new 
projects,  users  can  tap  into  over  100  free 
C and  assembler  source  code  examples 
that  are  available  from  TI's  website. 

The  MSP430F201 3 MCU  is  part  of 
the  recently  introduced  MSP430F20xx 
series,  operating  up  to  16  MIPS  in 
a robust  failsafe  environment  with 
no  external  components.  The 
MSP430F20xx  series'  fully  programma- 
ble clock  system  is  stable  over  temper- 
ature and  voltage,  providing  wake-up 
from  an  industry-leading  500  nano- 
amp standby  to  full-speed  operation  in 
less  than  one  micro-second.  Ultra-low 
power  combined  with  on-demand  high- 
performance  lets  designers  tune  their 
systems  to  stay  in  standby  longer  so 
their  applications  conserve  more  power 
and  use  smaller,  lower  cost  batteries. 

Operating  from  1.8  to  3.6V, 
MSP430F20xx  MCUs  allow  direct 
battery  operation  and  are  available  in  a 
14-pin  footprint  as  small  as  4x4mm.  A 
choice  of  converters  includes  an  analog 
comparator  for  very  cost-sensitive 
applications,  a 200  kilosamples  per 
second  (KSPS),  10-bit  analog  to  digital 
converter  (ADC)  for  real-time  signal 
processing,  ora  16-bit  sigma-delta  ADC 
for  high-precision  systems.  All  devices 


include  an  enhanced  watchdog  timer 
for  extreme  reliability,  a multi-function 
16-bit  timer  and  in-system  programma- 
ble Flash  for  greater  design  flexibility 
and  field  upgrade  capability.  With  128B 
of  RAM,  a full-featured  16-bit  RISC 
CPU,  and  complete  development  in  C, 
developers  can  reuse  existing  MSP430 
instruction  set  architecture  (ISA) 
libraries  for  faster  time-to-market. 

From  ultra  low-power  MSP430 
devices  and  32-bit  general-purpose 
TMS470  ARM7-based  MCUs  to  high 


performance  TMS320C2000™  digital 
signal  controllers,  TI  offers  designers 
a broad  range  of  embedded  control 
solutions.  Designers  can  also  acceler- 
ate their  design  to  market  by  tapping 
into  TI's  complete  software  and 
hardware  tools,  extensive  third  party 
offerings,  and  technical  support.  For 
more  information  on  TI's  broad  range 
of  controllers,  see  www.ti.com/mcu 

Texas  Instruments,  Inc. 

Web:  www.ti.com/ez430 


What  you  want,  When  you  want  it 


What  we  do ... 

• Precision  Sheet  Metal 

• Machining 

• Electronic  Circuit  Design 

• PCB  Layout 


PCB  Fabrication 
PCB  Assembly 
Box  Build  / Contract  Mfg 
Polypro  Plastics 


No  Minimums,  Any  Volume 

US  Based  Company  with  Mfg  rn.USA  and  China 

Highly  Competitive 

Quick  Turn-around  when  needed 


Precision  Sheet  Metal  with 

NC  Punching 
Laser  Cutting 


Machining  with  fast  turns 

CNC  mills 

5 & 7 Axis  capability 
Screw  Machine  work 


Manufacturing  Consortium  Int'l 

www.mfgconsortium.com 

105  Serra  Way,  #201  Milpitas,  CA  95035 
Tel:  408-772-3175  or  408-807-2564  Fax:  408-456-5070 
Email  all  Sketches  / dwgs  / CAD  files  to  gk@mfgconsortium.com 
We  accept  VISA  / MASTER  CARD 


8/1 6-bit  EEPROM  | Set.  EEPflOM  | Flash  EPROM  | GAL  / PALCE  | Most  MCU  s | Low  Voltage  to  1.3V.  | OIL  dev.  w/o  Adapter. 


Conitecs  last  generation  Galep-4 
employs  ASIC  universal  pin  tech- 
nology for  each  pin  of  40  pin  ZIF- 
socket  7500+device  library /life- 
time free  updates.  Programs  8/16 
bit  EPROM'S,  EEPROM*,  O-Pwr 
RAM,  FLASH,  Serial  EEPROM's, 
GAL,  PALCE, 


microcontrollers  such  as  87/89xxx, 
PIC,  AVR,  ST62,  etc.  Low  voltage 
devices  down  to  1.3V.  No  adapter 
required  for  DIL  devices.  8 Hrs. 
operation  on  battery  (AC  charger 
included).  Runs  WIN  98,NT/ME, 
2000,  XP  with  Hex/Fuse  Editor. 


Remote  control  from  other  apps,  (e.g. 
Visual  Basic).  Substitutes  high  priced 
universal  programmers  e.g.  ALL- 11 
(HILO)  or  LAB-TOOL-48  (ADVANTECH) 
Providing  virtually  matching  perfor- 
mance at  only  1/3-1/5  the  price. 

Info,  orders,  softwr : 619-702-4420 


A PALM-SIZED  PROGRAMMER  HANDLES 
OVER  7500  DEVICES  ? 


SMALL  PACKAGE.  BIG  FEATURES. 


SALES.  SUPPORT.  / EMAIL:  CONTACT@CONITEC.NET  / WWW.CONITEC.NET.  TEL:  619-702-4420.  FAX:  619-702-4419 
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MONOLITHIC 

DUAL  JFETs 

Linear  Integrated  Systems  (LIS),  a lead- 
ing full-service  manufacturer  of  spe- 
cialty linear  semiconductors,  announces 
the  immediate 
availability  of  HkTv 

series  of  InV 
N - C h a n n e 1 
Monolithic  | 


Dual  IFETs.  The  LSK389  series  is  a mono- 
lithic dual  version  of  the  recently  released 
LSK170  Single  N-Channel  JFET.  This  fam- 
ily of  ultra  low  noise  dual  IFETs  was 
specifically  designed  to  provide  users  a 
better  performing,  less  time  consuming, 
and  cheaper  solution  for  obtaining  tighter 
IDSS  matching,  and  better  thermal  track- 
ing, than  matching  individual  IFETs.  Avail- 
able packaged  in  surface  mount,  ROHS 
compliant  versions,  the  LSK389  is  an 
ideal  improved  functional  replacement 
for  the  through-hole  Toshiba  2SK389, 


Full  Speed 

It  writes  your  USB  Code! 

NEW!  HIDmaker  FS  for  Full  Speed  FLASH  PIC18F4550 


Creates  complete  PC  and  Peripheral 
programs  that  talk  to  each  other  over 
USB.  Ready  to  compile  and  run! 

• Large  data  Reports 

• 64, 000  bytes/sec  per  Interface 

• Easily  creates  devices  with  multiple 
Interfaces,  even  multiple  Identities! 

• Automatically  does  MULTITASKING 

• Makes  standard  or  special  USB  HID 
devices 

NEW!  “Developers  Guide  for  USB  HID 
Peripherals”  shows  you  how  to  make 
devices  for  special  requirements. 


Both  PC  and  Peripheral  programs 
understand  your  data  items  (even  odd 
sized  ones),  and  give  you  convenient 
variables  to  handle  them. 

PIC18F  Compilers:  PICBASIC  Pro, 
MPASM,  Cl 8,  Hi-Tech  C. 

PIC16C  Compilers:  PICBASIC  Pro, 
MPASM,  Hi-Tech  C,  CCS  C. 

PC  Compilers:  Delphi,  C++  Builder, 
Visual  Basic  6. 

HIDmaker  FS  Combo:  Only  $599.95 


/] /(Trace 

/ SYSTEMS,  Inc. 


DOWNLOAD  the  HIDmaker  FS  Test  Drive  today! 
www.T raceSystemslnc.com 
301-262-0300 


The  Standard  for  checking 
Capacitors  in-circuit 


Good  enough  to  be  the 
choice  of  Panasonic, 
Pioneer,  NBC,  ABC,  Ford, 
JVC,  NASA  and  thousands 
of  independent  service 
technicians. 


Inexpensive  enough  to  pay  for  itself  in  just 
one  day’s  repairs.  At  $209,  it’s  affordable. 


And  with  a 60  day  trial  period,  satisfaction 
guaranteed  or  money-back  policy,  the  only 
thing  you  can  lose  is  all  the  time  you’re 
currently  spending  on  trying  to  repair  all 
those  dogs  you’ve  given  up  on. 


Locate  shorted  or  leaky 
components  or  conditions 
to  the  exact  spot  in-circuit 

Still  cutting  up  the  pcb, 
and  unsoldering  every 
part  trying  to  guess  at 
where  the  short  is? 

$209 


Your  DVM  shows  the  same  shorted  reading  all 
along  the  pcb  trace.  LeakSeeker  82B  has  the 
resolution  to  find  the  defective  component. 
Touch  pads  along  the  trace,  and  LeakSeeker 
beeps  highest  in  pitch  at  the  defect’s  pad.  Now 
you  can  locate  a shorted  part  only  a quarter  of 
an  inch  away  from  a good  part.  Short  can  be 
from  0 to  150  ohms 


CapAnalyzer  88A 


LeakSeeker  82B 


Available  at  your  distributor \ or  call  561-487-6103 

Electronic  Design  Specialists  www.eds-inc.com 


within  space  limited  circuits  for  audio  and 
instrumentation  applications. 

The  LSK389's  features  incorporate 
three  grades  of  IDSS:  2.6-6. 5 mA,  6.0-12 
mA,  10-20  mA,  with  an  IDSS  match  of 
10%,  a gate  threshold  offset  of  20  mV,  a 
voltage  noise  (en)  of  1 nv/Hz  @ 1 kHz,  2 
nv/Hz  @ 10  Hz  typical,  with  a gain  of  22 
ms,  and  22  pf  of  capacitance. 

The  LSK389  series  helps  to  maxi- 
mize battery  operated  applications  by 
providing  a wide  output  swing  and  a 
high  signal-to-noise  ratio  as  a result  of 
the  LSK389's  tightly  matched  gate 
threshold  voltages  and  low  gate  thresh- 
old voltages.  The  uniquely  linear  VGS 
transfer  function  is  highly  desirable  for 
producing  low  intermodulation  in  audio 
front-ends.  The  40  volt  breakdown  pro- 
vides maximum  linear  headroom  in  high 
transient  program  content  amplifiers. 
The  LSK389  provides  a low  input  noise 
to  capacitance  product  that  has  nearly 
zero  popcorn  noise.  The  narrow  ranges 
of  the  IDSS  electrical  grades  combined 
with  the  matching  performance  of  the 
LSK389's  monolithic  dual  construction 
promote  ease  of  device  tolerancing  in 
low  voltage  applications,  as  compared 
to  matching  single  IFETs.  Additionally, 
LIS  offers  custom  screening  for  users 
who  require  different  ranges  of  IDSS, 
VGS,  or  other  DC  parameters  that  are 
not  covered  in  the  datasheet. 

The  LSK389  series  is  packaged  in 
surface  mount  SOIC-8  and  thru-hole 
TO-71  six  lead  packages  and  lead-free, 
ROHS  compliant  versions  are  available. 

“Our  new  LSK389  series  features 
a unique  design  construction  of 
interleaving  both  IFETs  on  the  same 
piece  of  silicon  that  provides 
excellent  matching  and  thermal  track- 
ing, as  well  a low  noise  profile  having 
nearly  zero  popcorn  noise,”  says  Dr. 
John  Hall,  Linear  Integrated  Systems 
founder  and  president. 

Linear  Integrated  Systems 
domestic  in-factory  stock  provides 
short  lead  times,  helping  to  ensure  no 
disruption  in  production  schedules. 

Applications  include  audio  ampli- 
fiers and  preamps,  discrete  low-noise 
operational  amplifiers,  battery- 
operated  audio  preamps,  audio  mixer 
consoles,  acoustic  sensors,  sonic 
imaging,  instrumentation  amplifiers, 
microphones,  sonobouys,  hydro- 
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phones,  and  chemical  and  radiation 
detectors.  Cost  is  $3  US  ea.  (1,000  pcs). 

Linear  Integrated  Systems 
800-359-4023  Fax:  510-353-0261 
Email:  sales@linearsystems.com 
Web:  www.linearsystems.com 

FIRMWARE-ONLY 

USB  DRIVER 

Objective  Development 
has  re- 
leased a new 
version  of  their 
firmware-only 
USB  driver  for  At- 
mel's  AVR  microcontrollers  (AVR-USB), 
just  in  time  for  the  driver's  one  year  an- 
niversary. This  version  adds  new  licens- 
ing options  and  free  USB  Product  IDs 
bundled  with  all  license  types,  even  with 
the  free  Open  Source  compliant  license. 

AVR-USB  is  targeted  to  small 
companies  and  hobbyists  designing 
hardware  with  USB  connectivity  based 
on  standard  AVR  microcontrollers.  It 
implements  a low  speed  USB  device 
in  the  same  way  as  a Software-UART 
implements  asynchronous  serial  data 
transfer.  The  only  hardware  resources 
needed  from  the  AVR  microcontroller 
are  two  I/O  pins;  one  of  them  must  be 
an  edge  triggered  interrupt. 

Since  RS232  ports  have  become 
rare  in  modern  computers,  USB  is  the 
method  of  choice  for  connecting 
various  gadgets  to  the  PC.  The  major 
drawback  for  small  companies  and 
hobbyists  is  the  relatively  large  upfront 
investment  which  is  usually  required  to 
work  with  USB:  You  need  to  buy  a USB 
Vendor  ID  from  usb.org  (currently 
$1,500  US)  and  maybe  a new  develop- 
ment system  for  USB  capable  micro- 
controllers. Furthermore,  microcon- 
trollers with  USB  are  often  available  in 
SMD  packages  and  large  quantities 
only,  making  things  even  harder  for 
small  startup  companies  and  hobbyists. 

AVR-USB  addresses  all  these  issues. 
It  comes  with  an  Open  Source  license,  a 
USB  Product  ID  which  can  be  used  for 
free  (shared  according  to  the  certain 
implementation  rules),  it  is  based  on  the 
free  GNU  compiler  as  its  development 
environment,  and  works  with  low-cost 


AVR  microcontrollers  which  are  available 
in  DIP  packages.  The  PC  side  driver  can 
be  constructed  with  libusb,  a free  USB 
abstraction  library  which  is  available  for 
Windows,  Linux,  Mac  OS  X,  and  BSD 
Unix.  No  Microsoft  SDK  or  development 
environment  is  required  for  Windows 
driver  development. 

Two  affordable  commercial 
license  types  are  available  for  those 
who  cannot  agree  to  the  publication 
requirement  of  the  Open  Source 
license.  The  entry  level  license  for  199 


EUR  allows  using  AVR-USB  in  up  to 
150  units  and  comes  with  a dedicated 
USB  Product  ID  for  exclusive  use.  The 
professional  license  for  500  EUR  has 
virtually  no  limit  in  the  number  of 
units  (fair  use)  and  comes  with  two 
dedicated  USB  Product  IDs.  AVR-USB 
can  be  downloaded  as  part  of  an 
example  application  at  www.obdev. 
at/products/avrusb/powerswitch.html 

Objective  Development 

Web:  www.obdev.at/avrusb/ 
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■ THIS  MONTH'S  PROJECTS 


Data  Acquisition  Board  38 

Mini-Synth  Sound  Synthesizer . .44 
Get  Motivated 56 


■ LEVEL  RATING  SYSTEM 

To  find  out  the  level  of  difficulty 
for  each  of  these  projects,  turn 
to  our  ratings  for  the  answers. 

••••  ....  Beg  inner  Level 

••••  ....  Intermediate  Level 

•••#  ....  Advanced  Level 

••••  ....  Professional  Level 


I remember  the  day 
when  getting  a single 
digital  signal  out  of  my 
computer  was  as  easy 
as  sticking  a wire  into 
the  parallel  port  and  re- 
membering its  address. 


If  you  set  a bit  high,  the 
corresponding  pin  on 
the  parallel  port  would 
go  high,  and  stay  high 
until  you  told  it  to  do 
otherwise.  You  could 
likewise  read  the  state 
of  any  of  the  input  pins, 
much  like  reading  or 
writing  to  I/O  pins  on 
microcontrollers  today. 


20  I/O  PIN  DATA 


Easily  Incorporate  the  Power 
of  Your  PC  Into  Any  Project 


When  I first  learned  the  art  of 
manipulating  the  I/O  pin  on 
my  computer's  parallel  port,  I 
was  in  techno-heaven!  Suddenly, 
connecting  my  projects  to  the 
computer  and  adding  software 
became  a breeze.  I no  longer  had  to 
try  and  build  complex  timers  to 
operate  my  homebrew  sprinkler 
system  controller  — I could  simply 
use  my  computer  to  turn  on  a 
transistor  which  would  drive  my 
sprinkler  valve  solenoid. 

I could  then  fully  customize  my 
sprinkler  system  to  water  the 
established  grass  on  the  right  days 
at  the  right  times  (even  with  very 


strange  watering  restrictions),  and 
also  give  my  newly  planted  grass  a 
five  minute  drink  every  half  hour 
from  1 lam  to  3pm.  It  seemed  to  me 
that  any  project  could  benefit  from 
an  interface  with  my  computer's 
parallel  port  — home  security 
systems,  automatic  lighting,  and 
weather  stations,  to  name  a few. 

This  all  changed  with  the 
advance  of  Microsoft  Windows.  No 
longer  could  I directly  address  my 
parallel  port,  and  when  I finally  did 
figure  out  how  to  put  data  on  it,  I 
just  got  errors  about  not  having  a 
printer  connected.  I was  able  to 
make  an  LED  blink  on  and  off  quite 
randomly,  but  it 
quickly  became  evi- 
dent that  I was  going 
to  need  some  other 
method  for  getting 
data  into  and  out  of 


my  computer. 

For  a long  time,  I 
just  didn't  have 
a convenient  (or 
inconvenient)  way  of 
utilizing  the  power  of 


■ FIGURE  1.  Finished 
Data  Acquisition  Board. 
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my  PC  in  my  projects.  I looked 
around  at  some  other  products  and 
software,  but  none  of  them  really 
seemed  to  fit  my  need.  I needed 
something  that  I could  use  over  and 
over  again  in  a variety  of  different 
applications;  a single  board  that 
could  interface  with  several  different 
projects  at  once,  but  was  also  cost- 
effective  enough  to  justify  dedicating 
it  to  a single  project  if  that  project 
demanded  it. 

I finally  began  to  develop  my  own 
computer  interface  board,  which 
would  transform  a standard  serial 
port  into  something  more  like  the  old 
parallel  ports  from  the  days  of  DOS. 

What  Does  the  Board 
Do  and  How  Does  it 
Work? 

The  Data  Acquisition  Board 
(DAQ)  converts  standard  serial  I/O 
from  a PC  into  a 20  pin  parallel 
I/O  bus.  Each  of  the  20  I/O  pins  is 
individually  configurable  as  an  input 
or  an  output.  You  can  read  the  state 
of  each  pin,  or  change  the  state  if  it's 
configured  as  an  output,  about  a 
1 ,000  times  per  second. 

There  is  also  the  potential,  with 
some  additional  firmware,  to  add  up 
to  five  analog  inputs  with  10  bits  of 
resolution.  You  can  communicate 
with  the  board  using  binary 
commands  or  text  commands.  The 
text  commands  are  easy  to  use,  and 
can  even  be  executed  with  Microsoft 
HyperTerminal.  The  binary  commands 
require  a better  understanding  of 
ones  and  zeros,  but  are  much  faster 
than  the  text  commands.  The  board 
operates  at  bit  rates  up  to  1 1 5.2K,  and 
down  to  300. 

Why  Did  I Go  With  a 
Serial  Port  Interface 
Instead  of  a Parallel 
Port  or  USB? 

Although  many  will  disagree  with 
me,  there  are  a few  advantages  to  a 
serial  connection: 


1.  Serial  cables  are  cheap  — you  can 
make  your  own  without  too  much 
trouble,  and  if  you're  not  worried 
about  noise,  you  can  sploog  one 
together  with  just  three  wires:  TX,  RX, 
and  GND. 

2.  At  the  lower  bit  rates , you  can  use 
serial  cables  50  ft  or  longer.  This  has 
enabled  me  to  connect  some  projects 
to  the  computer  that  would  not 
otherwise  have  been  practical  without 
a wireless  setup. 

3.  A computer's  serial  port  is  easy 
to  access ; you  can  use  virtually  any 
programming  interface,  and  all  you 
need  are  the  standard  drivers  already 
installed  on  your  PC. 

Hardware  Design 

The  DAQ  is  built  around  the 
PIC16F873A  microcontroller  (see  the 
schematic  in  Figure  2).  I used  a 1.8432 
MHz  crystal  oscillator  for  the  clock 
because  it's  compatible  with  most  of 
the  standard  serial  port  bit  rates.  You 
may  notice  that  300,  600,  1200,  2400, 
4800,  9600,  19200,  38400,  57600,  and 
1 15200  all  divide  into  1.8432M  evenly. 
Because  of  this,  the  DAQ  can  operate 
at  all  those  bit  rates  with  virtually 
no  error. 

RC6  and  RC7  (pins  17  and  18  on 
the  PIC)  are  the  TX  and  RX  lines  for 
the  serial  communications;  you 
can't  just  connect  those  two  pins 
directly  up  to  your  PC  however.  The 
PIC  is  powered  by  a single  +5V 
power  supply,  but  a standard  serial 
interface  requires  a negative 
voltage,  as  well  as  a positive  voltage 
— a logical  high  is  negative  and  a 
logical  low  is  positive.  Likewise,  the 
transmit  line  coming  from  your 
computer  swings  positive  and 
negative  — if  it  was  connected 
directly  to  the  PIC,  it  would  most 
certainly  damage  the  chip. 

The  TX  signal  from  the  PIC  needs 
to  be  inverted  and  swing  positive  and 
negative,  and  the  RX  going  to  the  PIC 
needs  to  be  inverted  and  go  from  0V 


to  +5V.  I decided  to  go  with  the 
LT1181ACN  RS232  driver  IC  to  inter- 
face between  the  microcontroller  and 
the  computer.  This  is  a handy  little  IC! 
When  the  TX  pin  on  the  PIC  goes  high, 
the  TX  out  pin  on  the  LT1 181  goes  to 
about  -8V.  Likewise,  when  the  TX  pin 
on  the  PIC  goes  low,  the  LT1 181  goes 
to  about  +8V.  No  additional  power 
supply  needed! 

How  do  you  get  + and  -8V  out 
when  you  only  have  a +5V  power 
supply?  The  LT1 181  not  only  does  the 
inverting  for  you,  it  also  has  a charge 
pump  on  the  chip  to  generate  a + and 
- voltage  supply.  Capacitors  C5-C8  are 
filter  caps  for  the  switching  network 
on  the  IC. 

The  MCLR  pin  on  the  PIC  (pin  1) 
and  its  associated  components  (R5, 
R6,  and  C4)  don't  make  a very 
interesting  circuit.  The  circuit  simply 
causes  the  MCLR  pin  to  go  high  a 
short  time  after  power-up  which,  in 
turn,  causes  the  PIC  to  reset.  I did 
want  to  pass  on,  however,  that  I tried 
a few  different  resistor  and  capacitor 
values  before  going  with  the  ones 
I did. 

A 10  pF  cap  for  C4  intuitively 
seems  very  large  for  this  application, 
however,  smaller  values  for  this  cap 
cause  a very  frustrating  problem.  The 
DAQ  would  be  operating  just  fine, 
and  then  it  would  freeze  up  for  no 
apparent  reason.  I went  over  and 
over  my  firmware  trying  to  find  the 
never-ending  loop  I was  sure  was 
causing  the  problem,  but  I never 
found  it.  I checked  and  rechecked 
every  solder  joint  trying  to  find  the 
loose  wire,  but  I never  found  that 
either. 

After  hours  of  troubleshooting 
and  getting  nowhere,  it  finally 
occurred  to  me  that  the  PIC  may  be 
resetting  intermittently.  After  a little 
more  investigation,  I found  this  to  be 
the  case.  I then  started  experimenting 
with  different  values  for  R5  and  C4;  10 
kohms  and  10  pF  is  what  I ended  up 
with.  Again,  a 10  pF  electrolytic  capac- 
itor doesn't  seem  like  the  right  answer 
to  me,  but  I've  used  the  DAQ  board 
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quite  a bit  in  many 
different  applications 
over  the  past  year 
since  I made  the 
change,  and  I haven't 
run  into  that  problem 
again. 

The  rest  of  the 
pins  on  the  PIC 
(besides  the  power 
supply  pins)  are  used 
as  digital  I/O.  In  the 
original  design,  each 
connector  to  the  out- 
side world  was  direct- 
ly connected  to  its 
corresponding  pin  on 
the  PIC.  This  worked 
very  well  and  I didn't 
have  any  problems 
until  the  first  time  I 
accidentally  applied 
a +12V  signal  to  an 
input  pin.  The  PIC 
didn't  like  that  too 
much,  and  promptly 
quit  working  all 
together. 

Since  then,  I've 
added  some  protec- 
tion. As  illustrated  in 
the  schematic,  each 
I/O  pin  has  two 
resistors  in  series 
between  the  connec- 
tor and  its  pin  on  the 
PIC.  Between  the  two 
resistors  is  a 5.1V 
zener  diode  to 
ground.  The  220  ohm, 
1/2  watt  resistor  in 
combination  with  the 
5.1V  zener  should 
protect  against  a 
+ 15V  signal  applied 
to  the  input  indefi- 
nitely, however  the 
resistor  will  get  hot. 
Any  more  voltage 
applied  for  an 
extended  period  of 
time  may  cause  the 
resistor  to  “let  out  its 
smoke.''  The  100  ohm 
resistor  limits  the 
current  from  the  PIC, 
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20  I/O  Pin  Data  Acquisition  Board 


9 pin  D-sub 


through  the  zener,  to  ground,  if  the 
pin  is  configured  as  an  output. 

Firmware  Design 

For  an  in-depth  look  at  the 
firmware,  it  may  be  best  for  you  to 
take  a look  at  the  full  program.  You 
can  find  the  complete  code  by  going 
to  www.kitsdoneright.com/daq.html 
and  clicking  on  the  'DAQ.asm  file' 
link.  It  may  also  help  to  take  a 
look  at  the  user's  manual  and  text 
commands  (found  on  the  same 
website)  to  get  a feel  for  how  the 
commands  work  before  delving 
into  the  code.  I wrote  the  code 
in  assembly  language  using 
Microchip's  MPLAB  IDE. 

The  main  program  loop  is 
relatively  short  and  simple.  It  starts 
after  setting  up  the  serial  port  and  I/O 
pins,  and  is  labeled  'PoleFirstByte.' 
Most  of  the  time,  the  processor  just 
loops  through  the  first  three  lines  of 
the  main  loop  ... 

PoleFirstByte 

SEL_MEM_0 

btfss  PIRl,  5 

goto  PoleFirstByte 


The  first  line  you  see  — 
'PoleFirstByte'  — is  not  really  a line  of 
code,  but  just  a label  which  marks  the 
memory  location  of  the  first  line  of 
the  main  program  which  is 
'SEL_MEM_0.'  This  stands  for  'SELect 
MEMory  bank  0'  and  is  defined  at  the 
very  beginning  of  the  code;  it  can  be 
replaced  with  'bcf  STATUS,  5.' 

The  PIC  1 6F873A  has  two  memory 
banks:  bank  0 and  bank  1.  You  have 
to  tell  the  processor  which  memory 
bank  you  are  using,  or  you  may  end 
up  accessing  the  wrong  memory 
locations.  Clearing  bit  5 of  the 
STATUS  register  is  how  you  tell  the 
processor  that  you  want  to  use  bank 
0,  and  the  code  'bcf  STATUS,  5'  does 
just  that.  Next,  you  want  to  see  if  the 


PIC  has  received  any  data  from  the 
serial  port. 

Once  a byte  has  been  received  on 
the  serial  port,  the  PIC  will  set  bit  5 of 
the  PIRl  register  high.  The  second 
line  of  code  instructs  the  processor  to 
check  the  status  of  bit  5 in  the  PIRl 
register  and  then  skip  the  next  line  of 
code  only  if  that  bit  is  high.  It's  most 
likely  that  the  bit  is  low,  in  which  case 
the  third  line  of  code  will  be  executed, 
which  instructs  the  processor  to  go 
back  to  the  memory  location  marked 
by  'PoleFirstByte'  and  start  all  over 
again. 

These  three  lines  of  code  are  exe- 
cuted a few  hundred  thousand  times 
a second  until  a byte  is  received  on 
the  serial  port,  then  things  get  a little 


Cost  Cutting 

■ If  you're  going  to  incorporate  the  DAQ  into  another  project,  you  can  significantly 
cut  down  on  the  cost  by  leaving  out  several  of  the  unnecessary  parts.  If  you're 
not  concerned  about  applying  an  over-voltage  to  your  inputs,  you  can  eliminate 
R8-R46,  and  D1-D20.You  can  also  eliminate  P3-P12  if  you  want  to  hardwire  your 
I/O.  If  you  already  have  a +5V  supply,  you  can  eliminate  PI,  R1-R4,  C1-C3,  and  U3. 
Altogether,  that's  186  solder  joints  you  don't  have  to  worry  about!  By  eliminating 
all  those  parts,  it  will  also  be  much  easer  to  put  together  without  the  PCB,  further 
cutting  down  on  cost.  See  Figure  3 above  for  the  schematic. 
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more  interesting. 

The  first  byte  in  a serial  transmis- 
sion always  has  the  command 
number  (if  you're  using  binary 
commands)  or  is  a textual  character. 
The  rest  of  the  main  program  loop 
just  checks  that  first  byte  to  see  what 
to  do  next. 

If  the  first  byte  is  a binary 
command,  then  the  program  goes  to 
the  corresponding  function  which 
executes  that  command.  If  the  first 
byte  is  a textual  character,  then  the 
program  goes  to  the  memory  location 
marked  by  'cmd_text'  where  the  rest 
of  the  command  string  is  received, 
processed,  and  finally  the  command 
is  executed  by  the  processor. 

Assembly  Instructions 


and  test  instructions  by  going  to 
www.kitsdoneright.com/daq.html  and 

clicking  on  the  'Assembly  instruc- 
tions' link.  You  will  also  find  a parts 
placement  diagram,  the  images  for 
the  PCB  (should  you  decide  to  make 
your  own),  and  the  parts  list  on  the 
website.  You  can  also  download  the 
complete  firmware  (DAQ.asm)  so  you 
can  make  your  own  custom  modifica- 
tions to  the  code. 

The  hex  file  is  provided  for 
download  so  you  can  just  program 
the  PIC  without  having  to  first 
compile  the  code.  You  can  purchase 
a preprogrammed  PIC,  as  well  as  the 
printed  circuit  board  or  the  entire  kit 
on  the  website.  The  website  has 
many  other  resources,  including 
programming  examples  and  a utility 
program  for  testing  your  completed 


Possible  Improvements 

I use  the  DAQ  board  quite  a bit, 
and  it  works  very  well  for  me,  but 
there  are  a few  improvements  that 
could  be  made.  The  most  obvious 
improvement  would  be  to  convert 
it  to  USB.  This  would  greatly 
increase  the  speed  of  the  DAQ, 
although  it  would  also  decrease  the 
distance  your  project  can  be  from 
the  computer. 

In  regards  to  protection,  you  may 
have  noticed  that  the  DAQ  inputs  are 
protected  relatively  well  to  voltages 
over  +5V,  but  not  as  well  if  you  apply 
a negative  voltage.  In  this  case,  the 
input  pin  would  be  clamped  at  -,6V, 
overstressing  the  PIC  by  ,3V  more 
than  the  manufacturer's  specification 
allows  for. 


You  can  find  detailed  assembly  DAQ. 


RESISTORS 

SUPPLIER 

PART  NO. 

DESCRIPTION 

□ R1-R4 

Panasonic 

ERD-S1TJ1 ROV 

1 ohm,  1/2  watt,  5%,  Carbon  Film 

□ R6,  R7 

Panasonic 

ERD-S2TJ102V 

IK  ohm,  1/4  watt,  5%,  Carbon  Film 

□ R5 

Panasonic 

ERD-S2TJ103V 

10K  ohms,  1/4  watt,  5%,  Carbon  Film 

□ R8-R27 

Panasonic 

ERD-S1TJ221 V 

220  ohm,  1/2  watt,  5%,  Carbon  Film 

□ R28-R46 

Panasonic 

ERD-S2TJ101V 

100  ohm,  1/4  watt,  5%,  Carbon  Film 

1 CAPACITORS 

□ C1-C3 

AVX  Corporation 

SA305E474MAA 

0.47  pF,  50V,  Ceramic 

□ C4 

Panasonic 

ECE-A1CKS100 

10  pF,  16V,  Electrolytic 

□ C5-C8 

AVX  Corporation 

SA305E474MAA 

0.47  pF,  50V,  Ceramic 

DIODES 

□ D1-D20 

Fairchild 

1N751ATR 

5.1V  zener,  1/2  watt 

ICs 

□ U1 

Microchip 

PIC16F873A-I/SP 

Microcontroller 

□ U2 

LinearTechnology 

LT1181ACN 

RS232  Driver/Receiver 

□ U3 

NJR 

NJM7805FA 

Voltage  Regulator,  5V,  1.5A 

□ U4 

ECS 

ECS-2100A-018 

1.8432  MHz  Crystal  Oscillator 

1 CONNECTORS 

□ PI 

CUI,  Inc. 

PJ-202A 

Power  Jack,  2.1  mm,  PCB  mount 

□ P2 

Kobiconn 

152-3409 

9 pin  D-sub  Receptacle 

□ P3,  P5,  P7 

Phoenix  Contact 

1984785 

Terminal  Block,  3.5  mm.  Four  Position 

P8,  P10,  P11 

□ P4,  P6 

AMP 

640456-4 

Vertical  Header,  Four  Position,  .100  in 

□ P9,  PI  2 

AMP 

640456-8 

Vertical  Header,  Eight  Position,  .100  in 

MISCELLANEOUS 

□ AC  Adapter,  9VDC,  300  mA 

□ Xicon,  412-109033 

□ Power  Supply 


The  addition  of 
Schottky  diodes  in 
parallel  with  the 
zeners  might  be  a 
good  idea  to  clamp 
any  negative  voltages 
to  -,2V.  One  other 
improvement  that 
wouldn't  take  more 
than  some  additional 
firmware  would  be 
the  addition  of 
analog  inputs. 

Turning  PORT1  pins 
0-3  and  PORT 2 pin  0 
into  analog  inputs 
wouldn't  be  too 
difficult  if  you're 
using  the  binary  com- 
mands. If  you  want 
to  use  the  text  com- 
mands, however,  you 
will  have  to  convert 
the  binary  number 
produced  by  the  ADC 
into  text  — doable, 
but  a little  more 
difficult.  The  good 
news  is,  there's  lots  of 
room  left  in  the  PIC 
to  add  features.  The 
current  program  only 
takes  up  about  half  of 
the  program  memory 
available.  NV 
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Serving  Thousands  of  Customers  Worldwide  Since  1995. 


NCD  Relay  Controllers  are  the  Most  Powerful  Line  of  Computer  Controlled  Switches  Available! 


RS-232  or  Wireless  Data  Collection  and  Control  without  the  Relays. 
Expandable  to  512  Relays  using  XR  Expansion  Relay  Boards, 
Expandable  to  4096  Inputs  and  96  Channels  of  12-Bit  A/D. 


The  Ultra  Series  Offer  RS-232  or  Wireless  Data  Collection  and 
Control  with  16  On-Board  Relays,  16-Channels  of  Digital  I/O 
and  8 Channels  of  10-Bit  A/D.  Expandable  to  512  Relays,  4096 
Inputs,  and  96  Channels  of  12-Bit  A/D.  Optional  LCD  Shown. 


RS-232  Relay  Controller  with  16  Channels  of  1A 
DPDT  Relays,  Expandable  to  256  Relays.  7 Baud 
Rates  up  to  115.2K.  16  User  Programmable  Timers 
Activate  Relays  for  User-Set  Duration.  Suitable  for 
Duration,  Watchdog  and  Server  Reboot  Applications 


This  Expansion  Module  Adds  48  Channels  or  Contact  Closure  Inputs 
to  the  Ultra  Series  Controllers  (shown  above).  Chain  More  Inputs  End 
to  End,  Expandable  to  to  4096  Contact  Closures  Inputs. 


If  computer  control  is  your  thing , then  you’re  in  good  company  We  specialize  in  computer  controlled  data  collection  and  switching  with  a full  blown 
RS-232  and  Wireless  line  of  products  that  meet  the  needs  of  our  most  demanding  customers.  We  are  not  your  typical  electronics  manufacturer. 

We  actually  support  our  customers , one  at  a time , making  it  easy  for  first  time  users  to  get  started.  Whether  you  need  wireless , RS-232,  Ethernet, 
Internet  or  Embedded  data  collection  and  switching,  we  likely  have  a product  that  will  work  in  your  most  demanding  application.  So  if  you’re  looking 
for  a unique  device  to  fill  a niche  application,  and  a company  that  supports  it’s  products  and  you,  then  maybe  it’s  time  for  a switch.  Free  software, 
manuals,  and  tutorials  are  on  our  web  site.  Just  let  us  know  if  you  have  any  questions...we’re  always  glad  to  help! 


Any  Device  with  an 
XR  Expansion  Port 
Allows  you  to  Add 
Banks  of  Relays! 


Wireless  16-Channel  Relay  Controller  with  10A250VAC 
Switcing.  Operates  up  to  3,000  Feet  Away,  XR  Expansion 
Allows  you  to  Control  up  to  128  Relays. 


This  Expansion  Adds  16  Channels  of 
12-Bit  A/D  Inputs  to  the  Ultra  Series 
Controllers  (shown  above).  Chain 
More  Inputs  End  to  End,  Expandable 
to  96  Channels  of  A/D.  Can  Also  be 
Chained  to  the  Contact  Closure 
Expansion  Shown  Above. 


Built  for  Expansion: 


Add 

More 

Relays 


RS-232  Relay  Controller  with  32  Channels  of  5A  DPDT  Relays,  Expandable  to  256  Relays. 
7 Baud  Rates  up  to  115.2K.  16  User  Programmable  Timers  Activate  Relays  for  User-Set 
Duration.  Suitable  for  Duration,  Watchdog  and  Server  Reboot  Applications. 


24-Channel,  10A  Relay  Expansion  Controller  Adds  24  Relays  to  ANY  NCD  Device  with 
an  XR  Expansion  Port.  Pass  Through  Connector  Allows  you  to  Chain  More  Relays  for 
Future  Expansion.  Mix  All  Kinds  of  Relays  on  a Single  XR  Expansion  Port. 


National  Control  Devices , LLC 
Phone:  (417)  646-5644 
FAX:  (866)  562-0406 


AirControl  Allows  you  to 
Transmit  Wireless  Data  to 
over  1.7  Million  NCD  Devices 
Located  up  to  3,000  Feet  Away! 


TranSend  Offers  High-Speed 
Wireless  2-Way  Communication 
to  over  1.7  Million  NCD  Devices 
Located  up  to  2,000  Feet  Away! 


Wireless  4-Channel  Relay  Controller  with  20A250VAC 
Switcing.  Operates  up  to  3,000  Feet  Away,  XR  Expansion 
Allows  you  to  Control  up  to  128  Relays. 
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BUILD  THE  SOUND 
LAB  MINI-SYNTH 


SYNTHESIZER 


Analog  music  synthesizers 
— the  kind  with  all  the 
knobs  and  patch  cords  — 
were  extremely  popular  10 
to  15  years  ago.  In  those 
days,  the  name  Moog 
(pronounced  like  vogue) 
was  a household  name. 
Digital  music  synthesizers 
eventually  overshadowed 
the  popularity  of  the 
analog  ones  and  a steady 
stream  of  ever-improving 
computer-driven 
instruments  continues  to 
line  the  shelves  of  music 

stores. 


Today,  however, 
whether  due  to 
nostalgia  or  the  same 
thing  that  drives  old 
clothes  back  into  style, 
analog  synthesizers  are 
seeing  a resurgence  of 
popularity. 


■ FIGURE  1.  Sound  Lab  Mini-Synth 
Block  Diagram. 


This  article  will  show  you  how 
to  build  a very  cool  analog 
sound  synthesizer.  You  will  learn 
about  analog  sound  generation, 
have  a great  project  building 
experience,  and  have  hours  of 
sound  synthesizing  fun.  I would 
say  that  the  difficulty  of  this 
project  is  somewhere  between  an 
intermediate  and  advanced  level. 
It  involves  making  a printed  circuit 
board,  fabricating  a front  panel 
and  case,  and  a good  bit  of  wiring 
and  soldering.  I think  you  will  find 
it  well  worth  the  effort.  I am 
making  PC  boards  available  for 
sale  from  my  website,  if  you  would 
rather  not  etch  one  yourself.  I 
invite  you  to  visit  my  website  at 
www.musicfromouterspace.com 
and  hear  the  Sound  Lab  Mini- 
Synth  for  yourself. 


Introduction 

Refer  to  Figure  1.  The  Sound 
Lab  Mini-Synth  is  a battery- 
powered  analog  sound  synthesizer 
complete  with  two  voltage  con- 
trolled oscillators  (VCOs),  a white 
noise  source  (Noise),  a mixer 
(MIX),  one  voltage  controlled  state 
variable  filter  (VCF),  one  voltage 
controlled  amplifier  (VCA),  an 
attack  release  envelope  generator 
(AR),  and  one  low  frequency 
oscillator  (LFO).  Together,  these 
modules  provide  sound  sources, 
sound  modifiers,  and  modulators 
— the  tools  to  create  a wide  range 
of  electronic  sounds.  Let's  take  a 
look  at  each  module  in  detail. 

Attack  Release 
Envelope  Generator 

The  Attack  Release  Envelope 
Generator  (AR)  is  one  of  the  Sound 
Lab's  modulators  (see  Figure  2).  It 
produces  a voltage  which  rises  and 
falls  at  a rate  set  by  the  attack  and 
decay  pot  settings,  respectively. 
The  higher  the  knob  setting, 
the  longer  the  rise  (attack)  or 
fall  (decay)  time  of  the  voltage 
produced  by  this  module. 

Sounds  generally  have  a 
characteristic  envelope  or  overall 
shape.  The  envelope  of  the  sound 
of  a bell,  for  instance,  has  a fast 
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attack  and  a decay  that  depends  on 
the  size  of  the  bell.  A violin  can  be 
played  so  that  the  sound  has  a very 
slow  attack  and  decay  or  a fast 
pizzicato  attack  and  subsequent  fast 
decay.  The  Sound  Lab's  AR  can  be 
used  to  control  the  VCA  (which  modi- 
fies the  amplitude  of  the  unit's  sound 
sources),  the  VCF  (which  modifies  the 
harmonic  content  of  the  unit's  sound 
sources),  and  the  VCOs  (the  pitch 
sources  for  the  unit). 

With  S2  in  the  off  state  and  S3  set 
to  "Trig'd,”  the  circuit  functions  as 
follows.  When  SI  is  momentarily 
pressed,  it  discharges  C2  (to  about  1.6 
volts)  through  R2,  which  causes  pin  2 
of  IC1-A  to  go  high.  This  pushes  a 
positive  pulse  through  Cl  and  Dl, 
which  sets  the  flip-flop  made  up  of 


IC1-E  and  IC1-F.  IC1-F  pin  12  goes 
high  and  C3  begins  to  charge  at  the 
rate  set  by  the  Attack  pot  RIO  from  -8 
volts  to  about  6.5  volts  (this  voltage  is 
buffered  by  the  IC2-B  voltage  follow- 
er), at  which  point  ICl-B's  output 
goes  low  and  ICl-C's  output  goes  high 
and  the  IC1-E/IC1-F  flip-flop  is  reset 
by  the  high  logic  level  presented  to 
pin  13  via  D5.  (Whew!)  This  causes 
IC1-F  pin  12  to  go  low  and  discharge 
C3  at  a rate  determined  by  R1 1 . 

When  the  Repeat  switch  is  on  and 
the  voltage  at  IC2-B  is  lower  than  -6 
volts,  then  IC1-D  pin  8 goes  high  and 
sets  the  IC1-E/IC1-F  flip-flop  again, 
thus,  causing  the  cycle  to  begin  again 
and  subsequently  repeat.  Notice  that 
I am  allowing  negative  voltages  to 
reach  the  inputs  of  the  Schmidt  trig- 


gers, but  that  they  are  protected  from 
drawing  high  current  through  their 
internal  protection  diodes  during  that 
time  by  the  high  value  resistors  in 
series  with  their  inputs. 

When  S3  is  in  the  “Gated''  posi- 
tion, the  repeat  function  is  disabled. 
In  this  configuration,  a high  level  is 
presented  to  the  “Attack”  diode/pot 
combo  as  long  as  SI  is  held  pressed 
(because  the  output  of  IC1-A  is  high 
when  SI  is  held  pressed).  Gate  mode 
allows  C3  to  charge  from  -8  volts  to 
about  +8  volts  maximum. 

When  SI  is  released,  a low  level  is 
presented  to  the  “Release”  diode/pot 
combo  (because  the  output  of  IC1-A 
is  low  when  SI  is  not  pressed).  The 


■ FIGURE  2.  Attack  Release  Envelope 
Generator  Schematic. 
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output  of  IC2-B  is  fed  to  R15,  the  AR 
Envelope  output  level  adjustment 
pot.  The  circuit  point  “AR”  is  the  wiper 
of  R15,  which  is  fed  to  the  AR-Gen 
switches  of  the  modules. 

While  contemplating  this  circuit, 
remember  that  the  inverters  are 
Schmidt  triggers  and  that  their  inputs 
must  go  lower  than  a third  of  the  supply 
voltage  before  their  output  goes  high, 
and  then  the  input  must  go  to  greater 
than  two-thirds  of  the  supply  voltage 
before  the  output  goes  low.  This  charac- 
teristic is  known  as  hysteresis. 

The  zener  diode  on  the  external 
gate  is  meant  to  protect  against  gate 
signals  greater  than  nine  volts.  When 
the  external  gate  is  high,  Q8  will 
discharge  C2  the  same  way  the  switch 
SI  does. 

NOTE:  If  you  don't  plan  to  use  the 


■ FIGURE  3.  LFO,  Noise  Source,  and 
±9V  Battery  Power  Supply  Schematic. 


external  gate  capability  of  the  device , 
you  can  eliminate  the  following 
components:  D7,  R199,  Rl,  D8,  Q8. 

Low  Frequency 
Oscillator,  Noise 
Source,  and  ±9  Volt 
Battery  Power  Supply 

The  low  frequency  oscillator  is 
another  modulator  used  to  produce 
cyclic  voltage  changes  with  which  the 
unit's  sound  generators  and  sound 
modifiers  can  be  controlled  (see 
Figure  3).  By  applying  the  LFOs  trian- 
gle wave  to  the  control  voltage  input 
of  a VCO,  you  will  produce  the  sound 
of  a siren.  If  you  increase  the  frequen- 
cy of  the  LFO  enough,  you  will  begin 
to  hear  bell-type  tones  as  the  oscilla- 
tor being  modulated  starts  to  produce 
a characteristic  ring-modulated 
sound.  The  noise  generator  is  used  to 
produce  non-pitched  sounds  like  rain, 


wind,  or  steam  and,  of  course,  the 
batteries  power  the  unit.  By  using  the 
recommended  low  power  op-amps, 
the  batteries  will  last  a long  time. 

Let's  discuss  this  part  of  the 
circuit.  Two  2N3904s  walk  into  a bar. 
One  makes  a lot  of  noise  and  gets 
thrown  out  while  the  other  one  sits 
and  quietly  drinks  his  stout.  The 
punch  line?  Some  transistors  are 
noisier  than  others.  So  how  do  we  get 
noise  out  of  any  2N3904?  We  do  it 
with  this  circuit. 

Notice  that  we  do  the  usual  ... 
reverse  bias  a low  V(ebo)  emitter  base 
junction,  listen  to  the  junction 
through  CIO,  and  a gain  of  about 
1,000.  If  this  transistor  is  whispering, 
it  is  still  whispering  into  a lot  of  gain. 
This  circuit  does  not  care  if  this 
transistor  is  in  a confessional  — you 
are  going  to  get  at  least  100  mV  of 
noise  from  the  first  stage. 

We  take  whatever  we  are  getting 
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from  the  first  LF444  and  feed  both 
inputs  of  a second  LF444  through  two 
1M  resistors.  We  hang  a capacitor  off 
of  the  inverting  input  and  — voila  — 
the  inverting  input  always  lags  the 
non-inverting  one.  As  the  noise 
voltage  is  taking  its  time  trying  to  go 
up  and  down  (due  to  the  cap)  on  the 
inverting  input,  it  is  racing  up  and 
down  on  the  non-inverting  input. 

This  results  in  the  voltage  on  the 
non-inverting  input  randomly  being 
higher  or  lower  than  the  voltage 
on  the  inverting  input  as  the  noise 
voltage  randomly  changes.  Since  the 
op-amp  is  wired  as  a full  blast 
comparator,  its  output  is  swinging  up 
and  down  between  the  voltage  limits 
of  the  LF444  in  time  to  the  noise 
fluctuations.  Varying  the  cap  and 
varying  which  input  you  hang  the  cap 
on  will  change  the  characteristics  of 


the  noise  at  the  output  of  the  second 
stage. 

The  LFO  is  a simple  inverting 
integrator  with  positive  feedback.  IC7- 
A ramps  up  when  its  input  is  held  low 
and  then  ramps  down  when  the  input 
is  brought  high.  IC7-B  is  a comparator 
that  senses  the  output  of  IC7-A  and 
goes  high  when  the  voltage  out  of 
IC7-A  goes  above  its  positive  thresh- 
old. This  high  voltage  is  fed  back  to 
the  input  of  IC7-A,  which  goes  low  in 
response  until  IC7-B  goes  low  and 
then  the  cycle  continues. 

Switch  S16  and  Diodes  D9  and 
DIO  control  the  shape  of  the  LFO's 
waveform  (centered  for  triangle  either 
pole  gives  ramp  and  sawtooth).  In  low 
range  (S17  on),  a 2 pF  cap  (C13)  is 
placed  in  parallel  with  the  integrator 
capacitor  (Cl 4)  to  reduce  the  range  of 
frequency  provided  by  the  Frequency 


pot  R90. 

Two  nine-volt  batteries  power  the 
Sound  Lab  and  the  two  by-pass 
caps  absorb  any  large  current  spikes 
generated  during  operation.  All  of  the 
circuits  in  the  Sound  Lab  together 
draw  less  than  6 mA. 

Voltage-Controlled 
Amplifier  and  Voltage- 
Controlled  Filter 

The  VC  A and  VCF  are  sound  mod- 
ifiers (see  Figure  4).  The  VCA  allows 
you  to  modulate  the  amplitude  of  the 
unit's  sound  sources  with  the  AR  and 
the  LFO.  It  can  produce  tremolo 
effects,  ring  modulation,  and 
amplitude  envelopes.  The  VCF  lets 


■ FIGURE  4.  Voltage-Controlled 
Amplifier  and  Voltage-Controlled 
Filter  Schematic. 
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you  modulate  the  harmonic  content 
of  the  unit's  sound  sources.  It 
produces  wah-wah  sounds,  dripping 
water,  howling  wind,  or  growling 
oscillators.  VCFs  are  my  favorite 
synthesizer  modules. 

These  two  circuits  are  practically 
straight  out  of  the  National 
Operational  Amplifiers  Data  book 
data  sheet  for  the  LM 13700  Dual 
Operational  Transconductance 
Amplifier  (OTA).  The  transconduc- 
tance characteristic  of  these  op-amps 
makes  them  perfect  for  VCAs  and 
VCFs. 

In  the  VCA,  the  control  voltage 
controls  the  current  flow  through  the 
amp  and  subsequent  level  of  the  sig- 


■  FIGURE  5.  Voltage-Controlled 
Oscillators  Schematic. 


nal  at  the  output.  S4  switches  the  AR 
Gen  control  voltage  on  or  off.  When 
on,  the  level  of  the  AR  Generator  out- 
put pot  determines  how  much  the  AR 
Generator  controls  the  signal  ampli- 
tude at  the  output  of  the  VCA.  S5 
switches  the  LFO  control  voltage  on 
or  off.  When  on,  the  level  of  the  LFO 
output  pot  determines  how  much  the 
LFO  controls  the  signal  amplitude  at 
the  output  of  the  VCA.  R19  controls 
the  initial  amplitude  at  the  output  of 
the  VCA.  When  S4  or  S5  is  on,  it  is 
best  to  turn  R19  off  or  nearly  off. 

In  the  VCF,  the  OTAs  operate  as 
voltage-controlled  resistors  that 
change  the  pass-band  (in  band  pass 
mode)  and  cut-off  frequency  (in  low 
pass  mode)  from  low  (for  low  control 
voltage)  to  high  (for  high  control  volt- 


age). The  resonance  control  adjusts 
the  feedback  around  the  circuit  and, 
thus,  the  gain  at  the  cut-off  frequency. 
At  high  resonance  settings,  the  filter 
rings,  adding  harmonics  to  the  fil- 
tered signal  which  give  the  classic 
synthesizer  wahhhhh  sound  when  the 
cut-off  frequency  is  swept  from  low 
to  high. 

The  filter  also  acts  as  the  mixer  as 
all  of  the  signal  sources  are  presented 
to  its  input  via  attenuation  pots  (R29, 
R38,  and  R44).  The  input  to  the  VCA  is 
either  the  low  pass  output  or  the 
band  pass  output  determined  by  the 
setting  of  switch  S6.  S7  switches  the 
AR  Gen  control  voltage  on  or  off. 
When  on,  the  level  of  the  AR 
Generator  output  pot  determines  how 
much  the  AR  Generator  controls  the 
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similar  configuration. 

The  output  of  IC6-D  (point  ZZ)  is 
fed  into  comparator  IC2-A  in  order  to 
provide  a square/pulse  wave  shaper 
for  Oscillator  2.  The  control  voltage 
fed  into  IC2-A  pin  2 via  resistors  R86 
and  R87  determines  the  comparator 
threshold  and  thus  the  point  at  which 
the  output  (pin  1 ) goes  high  and  low. 

Varying  R85  will  change  the  pulse 
width  and  vary  the  timbre  of 
Oscillator  2 when  Rect  Wave  is 
selected.  SI 5 permits  the  LFO  output 
voltage  to  modulate  the  pulse  width, 
which  can  cause  the  output  of 
Oscillator  2 to  sound  like  two 
oscillators  tuned  very  close  together 
(when  approximately  1 Hz  LFO 
frequency  is  used). 

Sll,  S13,  S12,  and  S14  are  used 


■ FIGURE  6.  Sound  Lab  Mini-Synth 
Suggested  Front  Panel  Layout. 


cut-off  frequency  of  the  VCF.  S8 
switches  the  LFO  control  voltage  on 
or  off.  When  on,  the  level  of  the  LFO 
output  pot  determines  how  much  the 
LFO  controls  the  cut-off  frequency  of 
the  VCF.  R37  controls  the  initial 
cut-off  frequency  of  the  VCF.  When  S7 
or  S8  is  on,  it  is  best  to  turn  R37  off  or 
nearly  off. 

Voltage-Controlled 

Oscillators 

The  oscillators  are  the  heart  of 
any  synthesizer  and  they  provide  the 
main  sound  generating  capability 
(see  Figure  5).  (ust  about  every  sound 
you  hear  has  some  pitch  to  it  — a 
voice,  a trumpet,  an  airplane,  etc.  The 
pitch  may  be  modulated  or  modified, 
but  it  is  there  a great  majority  of  the 
time. 


The  Sound  Lab  uses  two  voltage 
controlled  ramp  oscillators  to  provide 
pitch  sources.  IC5-B  and  IC5-A  and 
associated  transistors  and  compo- 
nents comprise  a linear  voltage  to 
logarithmic  current  converter.  The 
control  voltages  that  are  summed  by 
IC5-B  range  from  -8  to  8 volts.  The 
resulting  current  ranges  from  around 
1 pAto  1 mAand,  since  the  oscillators 
go  up  approximately  one  octave  every 
time  the  current  doubles,  this  gives 
the  oscillator  a nice  range  from  a sub- 
audible  0.6  Hz  to  about  8.3  kHz. 

Oscillation  occurs  because  as  the 
current  is  pulled  out  of  the  input  of 
integrator  IC5-D,  its  output  goes  high 
until  IC5-C  (comparator  with  hystere- 
sis) pin  8 goes  high  and  shorts  the 
integrating  capacitor  (C8),  which 
causes  the  cycle  to  begin  anew  and 
subsequently  repeat.  IC6  is  used  in  a 
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to  feed  the  AR  Generator  and  LFO 
outputs  to  the  CV  inputs  of  the  VCOs. 
When  on,  you  will  hear  the  obvious 
effect  as  you  advance  the  LFO  and/or 
AR  Gen  output  adjustments. 

S9  causes  Oscillator  2 to  sync  to 
the  frequency  of  Oscillator  1.  This 
provides  some  very  cool  timbres  that 
you  will  hear  if  you  turn  on  Sync  and 
then  tune  Oscillator  1 lower  than 
Oscillator  2 and  sweep  Oscillator  1 
upward  in  frequency. 

NOTE:  If  you  don't  plan  to  use 
the  external  CV  (Control  Voltage) 
capability  of  the  device,  you  can 
eliminate  the  following  components: 
R62  and  R63. 


■ FIGURE  7.  Sound  Lab  Mini-Synth 
Front  Panel  Wiring. 


Construction 

I highly  suggest  that  you  build 
the  Sound  Lab  Mini-Synth  on  a PC 
board,  but  you  can  wire  wrap  it, 
breadboard  it,  or  plain-old  kludge  it 
if  you  want  to.  Building  the  Sound 
Lab  into  an  unusual  case  — perhaps 
involving  some  Plexiglas  — can  be 
an  interesting  project,  but  the  front 
panel  should  be  conductive  (alu- 
minum or  steel).  You  can  see  the  PC 
board  layout  and  Parts  legend  for 
the  Sound  Lab  Mini-Synth  on  the 
Nuts  & Volts  website  (www.nuts 
volts.com). 

I can't  stress  enough  how  smart  it 
is  to  use  IC  sockets.  De-soldering  ICs 
is  never  any  fun  and,  as  a matter  of 
fact,  it's  a royal  pain.  If  you  ever  have 


to  de-solder  an  IC,  here  is  the  correct 
method:  First,  cut  all  of  the  legs  so 
that  the  body  of  the  IC  comes  away 
from  the  board.  Then,  de-solder  and 
remove  each  leg  individually  (unless 
you  have  one  of  those  cool  chip 
de-soldering  tips  for  your  soldering 
iron).  Doing  it  this  way  — though 
tedious  — will  lessen  the  chance  of 
PC  board  damage. 

Front  Panel 

Once  you  decide  on  a case,  drill 
all  of  the  holes  to  accommodate  the 
switches  and  pots  that  you  bought. 
Figure  6 shows  a useful  layout,  but 
feel  free  to  be  creative.  Mount  all 
of  the  switches  and  pots  and  then 
tighten  the  mounting  nuts  for  every- 


Triple-check  your  wiring! 


100K 

R44 


100K 

R38 


100K 

R29 


R84 


R104 


Mount  a couple  of  terminal  strips  and  solder  the  junctions 
of  the  wires  and  the  resistors  to  them  for  support.  Be  careful 
not  to  short  the  resistor  leads  to  the  pot  bodies. 
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thing.  If  the  case  material  is  non- 
conductive,  you  will  need  to  ensure 
that  the  potentiometer  bodies  are 
grounded  in  some  manner.  I highly 
recommend  that  the  front  panel 
be  made  of  conductive  material,  as 
mentioned  previously. 

Wiring  the  Sound  Lab 

Use  stranded  copper  wire  (I  sug- 
gest 22  to  24  AWG)  to  wire  up  the 
front  panel  (see  Figure  7).  You  will 
notice  that  several  components  are 
mounted  on  the  front  panel.  Use  care 
in  attaching  them  to  one  another  and 
to  the  pots  and  switches  as  necessary, 
and  make  sure  nothing  is  shorting  to 
anything  it  is  not  supposed  to  be 
touching.  Use  shrink  tubing  and/or 


terminal  strips  to  insure  good 
mechanical  stability  and  electrical 
integrity. 

As  you  wire  the  front  panel, 
measure  how  long  each  wire  needs 
to  be  as  follows.  With  the  wire  still 
on  the  spool,  unwind  some  and  map 
out  the  path  you  want  the  wire  to 
take.  Leave  yourself  a little  extra 
length  for  stripping  and  to  insure 
that  no  wires  are  pulling  on  compo- 
nent terminals.  When  several  wires 
are  going  to  terminate  at  the  same 
place,  map  all  of  those  out  and 
then  solder  them  all  to  the  common 
terminal  together. 

It's  a good  idea  to  run  the  wires 
from  point-to-point  first  and  dress 
them  all  neatly  and  then  solder 
the  discrete  components  to  the 


front  panel  component  terminals. 
Neatness  now  pays  big  dividends 
when  you  are  troubleshooting  and/or 
modifying  the  unit  later.  Use  several 
colors  of  wire  to  avoid  visual 
confusion  during  troubleshooting 
and/or  modification. 

When  populating  a circuit  board, 
I like  to  start  with  the  IC  sockets,  then 
the  jumpers,  then  the  resistors,  and 
finally,  capacitors.  Essentially, 
working  from  low  parts  to  high  parts 
will  make  the  whole  job  easier.  Put  in 
about  10  components  at  a time, 
bending  the  leads  to  hold  them 
in  place. 

Now,  trim  the  leads  and  solder 
the  components  in  place  — keep 


■ FIGURE  8.  Sound  Lab  Mini-Synth 
Front  Panel  to  PCB  Labels. 


Mount  a couple  of  terminal  strips  and  solder  the  junctions 
of  the  wires  and  the  resistors  to  them  for  support.  Be  careful 
not  to  short  the  resistor  leads  to  the  pot  bodies. 


Ground  +9v  -9v  Sound-Lab  Mir 

to  Battery  connectors  Panel  Wiring  Diagram 
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■ FIGURE  9.  Sound  Lab  Mini-Synth 
PCB  to  Front  Panel  Labels. 

going  until  you  are  done. 
RadioShack  sells  a very  nice  “Nippy 
Cutter,”  which  is  excellent  for  trim- 
ming component  leads.  Remember 
to  leave  enough  lead  to  solder  to 
(about  an  1/8  inch)  and  be  sure  that 
adjacent  leads  aren't  shorted  to  one 
another. 

When  you  are  ready  to  connect 
the  board  to  the  front  panel,  it's  a 


good  idea  to  do  so  in  a manner  that 
will  let  you  fold  (and  unfold)  the 
board  under  the  front  panel  easily  so 
that  when  you  want  to  modify  or 
troubleshoot  the  project,  it  will  be  far 
more  convenient  to  do  so.  A little 
extra  length  on  the  wires  from  the 
panel  to  the  board  will  translate  into 
a lot  less  frustration  later. 

Figures  8 and  9 show  the  points 
that  get  connected  together. 
Connect  the  labeled  circuit  point 
from  the  board  to  the 
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■ FIGURE  10.  Sound  Lab 
Mini-Synth  Front  Panel. 


front  panel  point  with  the  same 
label.  Again,  measure  the  wires  and 
install  them  one  at  a time  unless  two 
wires  go  to  the  exact  same  point. 
I would  suggest  approaching  the 
project  in  the  following  phases: 

• Gather  the  components. 

• Etch  and  drill  the  circuit  board. 

• Drill  and  label  the  front  panel  and 
make  a case. 

• Populate  the  circuit  board. 

• Populate  the  front  panel. 

• Wire  the  front  panel  to  the  circuit 
board. 

• Go  make  some  cool  sounds. 
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Testing  the 
Sound  Lab 

Everyone  who  builds 
an  electronic  project 
spends  a bit  of  time 
getting  everything  work- 
ing. A missed  solder  joint 
here,  a component  with 
an  incorrect  value  there, 
and  all  of  a sudden 
things  don't  work.  Here  is 
some  information  to  help 
you  get  everything  going. 

The  first  thing  to  do  if 
you  are  having  a problem 
is  to  remove  the  batteries 
(test  and  make  sure 
they're  good)  and  then 
look  over  all  of  the  com- 
ponents on  the  circuit 
board.  Are  they  all  there? 
Are  they  all  soldered  in 
place?  It  is  easy  to  over- 
look soldering  a lead. 

Next,  review  the 
panel  wiring.  Are  all  of 
the  wires  there?  Are  they 
all  soldered  to  the  correct 
place?  Then,  look  over 
the  wiring  from  the  front 
panel  to  the  PC  board. 
Are  they  all  there  and, 
again,  are  they  all 
soldered  from  and  to  the 
correct  place? 

I have  built  and  test- 
ed the  Sound  Lab  and  I 
am  certain  that  if  it  is 
wired  correctly,  it  will  def- 
initely work.  If  you  are 
still  having  a problem 
and  you  are  certain  that 
the  construction  is  com- 
plete, try  substituting 
known  good  ICs  for  the 
ones  on  the  board  (I 
hope  you  used  sockets). 
If  you  are  still  having  a 
problem,  re-read  the 
circuit  descriptions  and 
probe  the  circuit  using  a 
signal  tracer,  oscillo- 
scope, and/or  DVM  to 
make  sure  that  it  is  func- 
tioning as  described.  NV 
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PARTS  LIST 


QTY 

DESCRIPTION 

VALUE 

SCHEMATIC  DESIGNATOR 
OR  ADD'L  INFO 

□ 2 

9V  Battery  Connectors 

RadioShack  Part#  270-325 

□ 2 

9V  Batteries 

9 Volt 

□ 1 

CD40106  Flex  Inverter 

CD40106 

IC1 

□ 1 

Ceramic  Capacitor 

0.001  jiF 

Cl 

□ 1 

Ceramic  Capacitor 

0.005]uF 

C14 

□ 2 

Ceramic  Capacitor 

0.01  jiF 

C2,  C12 

□ 2 

Ceramic  Capacitor 

0.02jiF 

C8,  C9 

□ 5 

Ceramic  Capacitor 

O.ljnF 

CIO,  C11,  Cl 5,  C19,  C20 

□ 2 

Ceramic  Capacitor 

lOOpF 

C6,  C7 

□ 1 

Ceramic  Capacitor 

IpFNPO 

C22 

□ 1 

Ceramic  Capacitor 

2|uF 

C13 

□ 2 

Ceramic  Capacitor 

330pF 

C21 , C17 

□ 2 

Ceramic  Capacitor 

560pF 

C5,  C4 

□ 1 

DPST  Switch 

DPST 

S19 

□ 2 

Electrolytic  Capacitor 

1 OOjliF 

C16,  C18 

□ 1 

Electrolytic  Capacitor 

2jiF 

C3 

□ 1 

LF442  Dual  op-amp 

LF442 

IC2 

□ 3 

LF444  Quad  op-amp 

LF444 

IC5-IC7 

□ 2 

LM13700  op-amp 

LM13700 

IC3,  IC4 

□ 2 

MPF102  N-Channel  JFET 

MPF102 

Q5,  Q6 

□ 1 

Phone  Jack 

1/4"  Jack 

J1 

□ 13 

Potentiometer 

100K 

R15,  R19,  R27,  R29,  R37,  R38,  R44, 
R48,  R55,  R58,  R85,  R90,  R92 

□ 2 

Potentiometer(s) 

1 M 

R10,  R11 

□ 2 

Resistor  1/4  watt  5% 

2K 

R61,  R60 

□ 4 

Resistor  1/4  watt  5% 

1 Meg 

R56,  R59,  R66,  R67 

□ 17 

Resistor  1/4  watt  5% 

100K 

R1,  R4,  R12,  R14,  R24,  R36,  R54, 
R57,  R62,  R63,  R68,  R69,  R73,  R74, 
R79,  R86,  R93 

□ 9 

Resistor  1/4  watt  5% 

10K 

R26,  R32,  R50,  R52,  R64,  R65, 
R102,  R103,  R199 

□ 4 

Resistor  1/4  watt  5% 

150K 

R17,  R30,  R33,  R39 

□ 7 

Resistor  1/4  watt  5% 

IK 

R22,  R23,  R34,  R35,  R45,  R88,  R98 

□ 9 

Resistor  1/4  watt  5% 

1 M 

R2,  R8,  R9,  R87,  R99,  R95-R97,  R91 

□ 4 

Resistor  1/4  watt  5% 

200K 

R28,  R31,  R84,  R89 

□ 8 

Resistor  1/4  watt  5% 

20K 

R40,  R42,  R43,  R46,  R47,  R70,  R72, 
R80 

□ 4 

Resistor  1/4  watt  5% 

220K 

R77,  R78,  R82,  R83 

□ 2 

Resistor  1/4  watt  5% 

2M 

R5,  R13 

□ 1 

Resistor  1/4  watt  5% 

33K 

R21 

□ 1 

Resistor  1/4  watt  5% 

3M 

R7 

□ 2 

Resistor  1/4  watt  5% 

4.7K 

R41 , R81 

□ 2 

Resistor  1/4  watt  5% 

4.7M 

R3,  R100 

□ 4 

Resistor  1/4  watt  5% 

470K 

R16,  R18,  R20,  R71 

□ 5 

Resistor  1/4  watt  5% 

47  K 

R49,  R75,  R76,  R104,  R101 

□ 2 

Resistor  1/4  watt  5% 

500Q 

R6,  R94 

□ 1 

Resistor  1/4  watt  5% 

620K 

R25 

□ 1 

SPDT  Switch  (center  off) 

SPDT 

S16 

□ 4 

SPDT  Switch 

SPDT 

S3,  S6,  S10,  S18 

□ 1 

SPST  Push  Button 

SPST 

SI 

□ 12 

SPST  Switch 

SPST 

S2,  S4,  S5,  S7,  S8,  S11-S13 
SI 4,  S9,  S15,  S17 

□ 8 

Silicon  Diode 

1N914 

D1-D5,  D7,  D9,  D10 

□ 1 

Silicon  Zener  Diode 

9.1V  Zener 

D8 

□ 6 

NPNTransistor 

2N3904 

Q1-Q4,  Q7,  Q8 

ADDITIONAL  MISCELLANEOUS  PARTS  REQUIRED 

□ 1 1/16"  thick  aluminum  plate  9"  x 7"  for  mounting  the  pots  and  switches. 

□ One  case  to  hold  the  unit  (homemade  wooden  box,  aluminum  project  box,  etc.). 

□ Assorted  hardware:  1 " 6-32  nuts  and  bolts,  1/2"  #8  wood  screws,  etc. 

□ Wire,  solder,  and  typical  assorted  electronics  hand-tools. 

□ DVM  (Digital  Volt  Meter)  and  a signal-tracer  or  oscilloscope  for  testing 

NOTES 

□ You  can  substitute  aTL084  andTL082  in  place  of  LF444  and  LF442,  respectively;  but  they  draw 
quite  a bit  more  current,  which  will  decrease  battery  life. 

□ You  can  substitute  an  LM13600  in  place  of  the  LM13700. 

□ You  can  substitute  a 1 N4148  for  a 1 N914. 
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EASY  ORDERING  IN  NANOSECONDS 


With  a 1 ,700+  page  catalog  of  the 
NEWEST  information  4 times  a year,  and 
daily  updates  to  over  half  a million 
products  on-line,  you  can  depend  on 
Mouser  for  easy  ordering  in  nanoseconds! 


mouser.com  (800)  346-6873 


MOUSERl 


a tti  company 

NEW  Products 
NEW  Technologies 
NEW  Suppliers 


The  NEWEST  Semiconductors  | Passives  | Interconnects  | Power  | Electromechanical  | Test,  Tools  & Supplies 


Mouser  and  Mouser  Electronics  are  registered  trademarks  of  Mouser  Electronics,  Inc.  Any  other  product  and  company  names 
mentioned  herein  are  trademarks  of  their  respective  owners. 


EARN YOUR 

B.S.E.E. 


THROUGH  HOME  STUDY 


Our  Highly  Effective  Advanced- Placement  Program  for  experienced 
Electronic  Technicians  grants  credit  for  previous  Schooling  and 
Professional  Experience,  and  can  greatly  reduce  the  time  required 
to  com-plete  the  program  and  reach  graduation.  No  residence 
schooling  required  for  qualified  Electronic  Technicians  Through  our 
Special  Program  you  can  pull  all  of  the  loose  ends  of  your 
electronics  background  together  and  earn  your  B.S  E.E  Degree, 
Upgrade  your  status  and  pay  to  the  engineering  level.  Advance 
rapidly!  Many  finish  in  12  months  or  less!  Students  and  graduates  in 
atl  SO  states  and  throughout  the  world!  Established  Over  50  Years! 
Write  or  call  for  free  Descriptive  Literature.  (601)  371-1351 


COOK'S  INSTITUTE 

OF  ELECTRONICS  ENGINEERING 


|E  4251  CYPRESS  DRIVE,  JACKSON,  MISSISSIPPI  39212 

* FAX:  (601)  371-2619 


Visit  us  TODAY  on  the  World  Wide  Web  at  h ttp;/fmvn\  cooks.  edu 


HAVING  THE  RIGHT  SUPPORT 
AT  THE  RIGHT  TIME 
IN  THE  RIGHT  PLACE 
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„ A COST 

U>"  , LSI  A ATHLi 
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COST  OF 
ATHLETIC 
SUPPORTER 


At  l.l.T.  our  goal  is  to  otter  you  high  quality 
quick-turn  custom  fabrication.  Whether  it 
be  parts,  enclosures,  or  sheet  metal,  we 
understand  the  need  for  fast,  affordable, 
small  quantity  prototype  orders.  We  don't 
require  minimums,  so  we  are  there  to  help 
you  whether  your  order  is  for  one  piece  or 
multple  prototypes.  You  won't  find  a group 
more  capable  and  dedicated  to  its  clients; 
developing  a comfortable  relationsip  while 
maintaining  professional  standards, 
and  the  MOST  COMPETITIVE  PRICING 


Visit  our  website  at 

www.iitmetalfab.com 

for  a list  of  materials, 
including  various  metals 
and  plastics  or  call  Sales  at 

208-665-21 66 


"First  paid  order  includes  free  shipping. 
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Integrated  Ideas  & Technologies,  Inc. 
3896  N.  Schreiber  Way 
Coeur  d'  Alene,  ID  8381 5 
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Cutting  edge  products  to  quickly  solve  your  toughest 
design  and  measurement  problems! 


Touch-sensing  ICs 


Quantum  ICs-  World-beating  capacitive 
sensor  ICs  for  switching  and  control  with 
patented  features  like  Adjacent  Key 
Suppression,  Spreadspectrum,  adjustable 
sensitivity.  QRG  ICs  in  use  worldwide  by 
the  world’s  largest  consumer/appliance 
manufacturers  <$1  (10K) 


EMI  Tents 


EMI  shielding  tents  made  from  Ni/Ag 
fabric.  -86dB  20MHz  to  18GHz.  Portable 
- tabletop  to  room/lab  size  for  on-site, 
on-demand  precompliance  testing. 
External  PVC  or  aluminum  frame. 

EMI  Tents  From  $3500 


USB  to  24  x I/O 


USBI/024  - 24  latched  I/O  lines  I 
self-powered  from  your  PC's 
USB  port.  Ubicom  SX52  allows 
individual  pin  I/O  programming. 
I/O  control  via  PCs  USB  port. 
USB  I/O  24  from  $69!  I 


USBwiz 


USBwiz  - Easily  add  USB  periph- 
erals to  your  system.  Includes 
FATfile  system  for  USB  thumb 
drives  & external  USB  hard  drives. 
USBwiz  knows  TCP/IP-  connect  your 
product  to  internet/LAN.  No  USB 
knowledge  needed,  plug  and  play! 
1C  $39.95  Demoboard  $69.95 


Stepper  Motor  Mini  Web  Server  easyRADIO  USB  TC-08  I2C  for  PCs 


Easy-Step™  3000  - advanced 
stepper  motor  drive  and  control 
system  for  unipolar  stepper 
motors  up  to  35V/3A  and  3 Amps 
- ideal  for  robots/industrial  control 
-turns  you  into  an  instant  motor 
control  expert!  from  $ 1 1 9 ! 


PicoServ™  Miniature  Web 
Server  allows  remote  I/O  and 
servicing.  Collect  analog  & 
digital  data  over  a web 
connection.  Remote  sens- 
ing/control, SCADA,  building 
control,  etc.  from  $197 


easyRADIO™  ER900TRS 
Transceiver  Modules  make 
wireless  data  transmission 
simple  for  USA  and  Europe! 
Add  wireless  capability  to  your 
project  today!  from  $35  (lOOpr) 


USB  TC-08  - USB  connected 
and  powered  8-ch  thermocouple 
data  logger.  Samples  at  up  to 
10  rdgs/S  with  built-in  CJC  for  - 
270  to  1820  degC. 

PP222  only  $474! 


PCI93LV:  industry-standard  I2C 
card  for  PCs.  WINI2C/PCI  soft- 
ware gives  windows-interface  to 
develop  and  debug  I2C  bus  sys- 
tems. UCA93LV  is  new  USB 
version.  NOW!  - transparently 
monitor  at  400kHz!  only  $499! 


FT232R  - NEW!  USB1 . 1-serial 
1C  with  new  "security-dongle" 
features.  Each  1C  has  unique  ID! 
Internal  EEPROM,  clockgen, 
pullups,  etc.  Smaller/cheaper 
than  FT232BM.  $2.15  (1000) 


iLCD  Starter  Kits  - let  you  cus- 
tom-program graphics  LCDs 
into  your  product  quickly! 
Touch-panels  too!  Create  per- 
fect LCD  screens  with  any  font 
& animated  graphics  within  min. 
iLCD  from  $151 


CleverScope  - 100  MHz  Scope, 
Spectr.Anal,  LogicAnal,  & SigGen. 
for  PCs.  4 Msamples  storage! 
Easy A-B,  math!  2 x 1 0 bit  ch,  8 dig. 
I/P.  Opt.  0-10  MHz  SigGen.+  math 
+ filters.  CS328- only  $999! 


4COM  - add  4 or  8 COMports 
to  your  PC  with  this  unit  that 
plugs  into  your  PC's  USB  port. 
4COMi  version  gives  4 X RS 
422/485  ports  with  h/s. 
USB-4COM  from  $120! 


Hand  Held  Scope  4ch  12-bit  USB  scope 


ANT8  Matchbox-sized  USB- 
powered  logic  analyzer.  Sample 
8 channels  at  up  to  500  million 
samples-per-sec.  View  traces 
on  PC.  Print  or  save  for  later 
review!  (16-ch.  ver.  too!)  $222! 


CAN-USB 


STE3000B  - Economical  benchtop 
RF  test  enclosure  fortroubleshooting, 
tuning,  testing  electronic  devices  in  an 
RF-free  environment.  8"H  x 17"W 
x 10>2"D  inside.  Built-in  illumination 
(RF-filtered  supply),  from  $1095! 


FMod-TCP  - TCP/IP  server  with 
I2C,  19  x digital  I/O,  5 x 10-bit  A/D 
inputs,  and  UART  serial  interface. 
Connect  I2C  devices/sensors 
to  an  Ethernet  network! 
FMod-TCP  from  $232! 


Serial  port  for  laptops  without! 

one!  USB-COM  instantly  updates  I 
older  RS232  products  to  USB!  I 
PC  thinks  it’s  using  COMportl 
but  uses  the  USB  - 13”. \ 

only  $35  (1)  or  $25  (100)1 


USB  Temp  Logging  USB  Bus  Analyzers  2-ch  PC  Scope 


Swordfish  - unique  hand-held  PC 
Scope:  5MHz  scope,  20kS/s 
data  logger,  FFT  spectrum  ana- 
lyzer, voltmeter  and  frequency 
meter.  10-bit  ADC  with  a true 
sampling  rate  of  up  to  40MS/s. 
PS40M10  Only  $275 


AudioWave 


a a t * 

PS3424  - New  4channel  12-bit 
20MS/s  USB2.0-connected 

/powered  scope  adapter.  Scope, 
FFT,  and  meter  displayed  simul- 
taneously with  free  software. 
PP298  $1269.95! 


CAN-USB  - intelligent  CAN 
connection  from  PC’s  USB 
port.  Provides  plug’n’play  opto- 
isolated.  Other  CANbus 
boards  and  systems  available 
from  Janz  AG.  from  $299! 


DLP-TH1-  low  cost,  self- 
powered  USB-based  digital 
temperature/humidity  sensor. 
Easily  monitor  temp/humidity 
/dew.pt.  from  PC’s  USB  port. 
DLP-TH1  from  $99.95! 


FrontDesign  Digital  ProfiLAB 


I®;  ii 


Tracker  110/Explorer  200  high- 
performance,  economical  USB 
1. 1/2.0  protocol  analyzers. 

only  $999/$2999! 
USBEX300  for  debugging  USB 
wireless  Wimedia  $<29,500! 


USB  to  I2C 


AudioWave  - Software  turns  your 
Soundcard  into  a Sweep 
Generator!  Easy-to-use  digitally- 
controlled  LF-signal-generator, 
1 Hz-20kHz.  Great  for  service  calls! 
AudioWave  only  $59.95! 


FrontDesign  - software  for 
designing  professional-looking 
front  panels  - with  a host  of  draw- 
ing functions.  Print,  mill  or 
engrave,  or  export  final  at  600  dpi. 
FrontDesign  only  $79.95! 


Saelig  Co.  searches  the  world  to  bring  you  unique,  easy-to-use 
control  and  instrumentation  products  from  overseas.  Customers 
include:  Intel,  Philips,  NEC,  Kodak,  Nokia,  US  Military, 
Microsoft,  Dell,  Xerox,  Universities,  T.I.,  Harris,  Sony,  J&J, 
Thomson,  Sandisk,  General  Dynamics,  H-P/Compaq,  etc. 


Digital  ProfiLAB  - Easy-use  Logic 
Sim/Hardware  Control  software  - 
without  programming!  Circuit,  logic 
and  front-panel  simulation,  and 
hardware  control,  experiments. 
Digital-ProfiLAB  only  $79.95! 


sPLAN  - easy-to-use  CAD  pack- 
age for  quickly  and  neatly  draw- 
ing electronic  and  electric  circuit 
diagrams.  Beginners  can  create  a 
perfect-looking  diagram  quickly! 
sPLAN only  $79.95! 


Stingray  - 1 MS/s  sampling  12- 
bit  2-ch  USB  scope  adapter  for 
PC.  Looks  like  a “Digital  Scope” 
on  your  PC  screen!  Great  for 
laptops,  and  servicing- 
DS1M12  only  $220 


FREE  COFFEE 


USB  I2C/IO  - provides  a simple 
"drop-in"  solution  for  connecting 
your  PC  to  90kHz  I2C  + 20  I/O 
lines.  Free  software.  Use  multiple 
boards  for  more  I2C/IO. 

USB  I2C/IO  only  $79! 


Call  1-888-7SAELIG  | 

Mention  Offer#  SBW 

to  get  a free 
STARBUCKS  Card 
with  your  order! 


While  supplies  last  - 
Not  available  with  any  other  offers 


unique  electronics  I 
B9B75FIELIG  inf  o®*BBlig.i 


Also:  Touch-sensing  ICs,  Voltage  Loggers,  Stepper  Motor  Controller,  PC  for  harsh  envi-  | 
ronments,  Temp  Loggers,  Automotive  Diagnostic  Kit,  PCI  board,  PC  for  Healthcare, 
Wireless  controller,  Oscilliscope,  JTAG  testing,  Indicator  modules,  SBC  Compact  con-  I 
trol,  USBwiz  1C,  Ether/IO,  Video  Motion  Detectors,  Industrial  10  modules,  Software  | 
for  soundcard  - front  panels  - logic  simulation  and  hardware  control  - CAD 
If  you  don’t  see  what  you  need  maybe  we  can  find  it  for  you?  - Ask  for  sales! 
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I have  Type  2 
Diabetes  and  have  to 
exercise  on  a regular 
basis  to  keep  my 
blood  sugar  under 
control. 


One  form  of  low  impact 
exercise  is  an  exercise 
bike,  however,  as  with 
any  exercise,  we  are 
more  likely  to  do  it  on  a 
regular  basis  if  we  can 
stay  motivated. 
As  a software  and 
hardware  developer,  I 
decided  to  create  an 
interface  to  one  of  my 
exercise  bikes.  Before  I 
started,  I set  out  with  a 
few  requirements. 

■ The  interface  had  to 
work  with  any  bike. 

■ The  interface  had 
to  work  with  a 
Desktop  PC,  Laptop, 
or  Pocket  PC. 

■ The  cost  of  the 
interface  had  to  be 
very  cheap  and  use  a 
minimal  amount  of 
components. 


GET 


After  a bit  of  experimenting,  I 
think  I have  a great  start 
towards  a really  cool  interface  that 
will  work  with  any  bike. 

Interface 

I thought  to  myself:  What  is  the 
best  way  to  interface  to  a PC? 

Well,  every  PC  and  laptop  has 
USB.  The  downside  is  that  the 
interface  can  be  expensive 
and  pocket  PCs  don't  have  a USB 
interface  that's  accessible. 

Printer  ports  are  out  because 
they  are  increasingly  being 
replaced  by  USB.  I could  use  IRDA, 
but  again,  the  interface  circuitry 
would  be  too  complicated. 

What  about  serial?  Most  of  the 
newer  laptops  don't  have  serial 
ports  anymore.  Even  the  laptop  I'm 
using  to  write  this  article  does  not 
have  one.  However,  you  can  pick  up 
a USB-to-Serial  converter  for  under 


$25  at  Walmart. 

I decided  to  try  the  serial  port  route. 

One  of  my  first  questions  was 
how  to  detect  the  peddle  move- 
ment on  the  exercise  bike.  Easy!  I 
decided  to  use  a Hall-effect  sensor. 
These  can  be  purchased  at  several 
online  stores  for  a few  dollars. 

There  are  several  Hall-effect 
sensors  available.  We  will  be  using 
a 6853  chip  that  runs  off  of  5V  and 
has  a normally  low  signal  on  its 
output  lead  (pin  3).  When  a 
magnetic  field  is  detected,  it  floats 
the  lead  so  you  can  pull  it  high  with 
a IK  resistor.  Some  Hall-effect 
sensors  will  latch  and  need  to  be 
released.  This  type  will  not  work  for 
this  project. 

By  connecting  the  output  lead 
to  the  receive  pin  of  a serial  inter- 
face, the  PC  will  read  a 0 each  time 
the  sensor  sees  a magnetic  field.  The 
neat  thing  is  that  the  result  will 
be  the  same  at  just  about  any 
baud  rate.  Why  does  this  work? 

The  idle  state  of  an  RS232 
signal  is  -12  volts.  This  is  the 
low  state.  When  the  start  bit 
occurs,  it  goes  from  the  low 
(idle)  state  to  high.  Sound 
familiar?  This  is  what  happens 
when  our  sensor  detects  a mag- 
netic field.  Well,  kind  of.  In  real- 
ity, we  go  from  a 0 level  to  a +5V. 
This  will  work  on  90%  of  the 
newer  devices  as  they  are  very 
forgiving.  They  see  anything  less 
than  ,5V  as  a low  and  above  3V 
as  a high.  I tested  it  on  every 
device  I had  in  my  lab,  which 
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consists  of  12  desktop 
PCs,  three  laptops,  four 
pocket  PCs,  and  vari- 
ous serial  converters  of 
one  type  or  another. 

The  Basic 
Circuit 

Take  a look  at 
Figure  2.  This  is  how 
you  would  connect  to  a 
desktop  PC  or  laptop. 

Pocket  PCs  are  consid- 
ered DTE  devices,  so 
you  will  need  a male 
connector  and  will 
have  to  connect  the 
sensor  output  to  pin  2 
of  the  DB9  connector. 

Don't  rush  out 
and  build  this  circuit 
because  we  are  going 
to  do  it  one  better. 

I don't  want  to 
have  to  use  a battery 
or  AC  adapter,  so  I 
decided  to  power  the  interface.  By 
adding  a 78L05  and  a diode,  you  can 
create  a self-powered  version,  as 
shown  in  Figure  3. 

We  are  using  pin  4,  DTR  to  power 
the  circuit.  First,  we  run  it  through  a 
diode  so  we  don't  blow  anything  up  if 
the  DTR  is  set  low.  When  low,  the 
cathode  side  of  the  diode  will  float, 
effectively  turning  off  the  circuit.  Once 
DTR  is  raised,  the  positive  voltage  will 
drive  the  78L05  and  get  regulated 
down  to  5V.  You  don't  need  much 
since  the  whole  circuit  only  pulls 
a few  milliamps. 

Sensor  Hookup 


How  you  connect  the  sensor 
depends  upon  your  bike.  All 
bikes  have  some  sort  of  rotating 
part  that  the  peddles  are  con- 
nected to.  The  bike  I have  has  an 
onboard  computer  so  it  already 
has  a sensor.  Figure  4 shows  how 
I just  hot  glued  my  sensor  to  the 
top  of  the  existing  sensor. 
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FIGURE  3 
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It  already  has  a magnet  mounted 
on  the  main  drive  so  I simply  oriented 
my  sensor  so  that  the  front  of  the 
sensor  faced  the  magnet,  as  shown  in 
Figure  5. 

I strapped  the  cable  down  with  tie 
wraps  to  help  secure  the  sensor.  If 
your  bike  does  not  already  have  a 
magnet,  you  will  need  to  hot-glue  one 
to  the  drive  mechanism  somewhere. 
Keep  in  mind  that  if  you  don't  want  to 
open  up  your  bike,  it  is  possible  to 


Hall  Effect  Sensor 
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mount  the  sensor  on  the  exterior  of 
the  bike  and  a magnet  on  one  of  the 
peddle  arms.  This  is  what  I plan  on 
doing  to  one  of  my  other  bikes. 

That's  it  on  the  interface.  It  will 
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FIGURE  4 
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cost  you  around  $5  for  the  parts, 
depending  on  what  you  have  in  your 
junk  box.  As  far  as  assembly  goes, 
I soldered  the  78L05,  diode,  and 
resistor  directly  to  the  connector. 

Software 

Now,  for  the  fun  part.  We  will  use  a 
development  program  called  Zeus. 
There  is  even  a special  free  Nuts  & 
Volts  version  up  on  the  Nuts  & Volts 
website  (www.nutsvolts.com).  Let's  see 
how  this  will  work. 

Sensor  Test 

I'm  going  to  start  with  a simple 
program  just  to  test  if  the  sensor  is 
working  properly. 

Program  1 is  fairly  straightfor- 
ward. We  open  up  the  com  port.  If  the 
ComOpen  returns  a 0,  we  have  an 
error  so  we  display  an  error  message 
and  exit  the  program. 

Once  we  have  an  open  port, 
we  raise  DTR  with  the  ComDTR 
command.  This  provides  power  to 
the  interface. 

We  then  run  a very  tight  loop  that 
checks  the  status  of  the  com  buffer 
with  the  ComBuff  command.  If  it 
returns  anything  greater  than  0,  we 
know  we  have  a sensor  event. 

We  increment  the  Rot  variable 


then  print  the  received  value,  as  well 
as  the  Rot  value. 

Note  that  you  have  to  access  the 
Comlnput  command  to  pull  the 
data  out  of  the  buffer  or  the  ComBuff 
command  will  just  keep  getting  larger 
and  won't  ever  return  a 0. 

Race  Program  1 

I'm  not  going  to  list  the  Race 
Program  1 here  because  it  can  be 
found  on  the  Nuts  & Vo/ts  website,  as 
well  as  the  Kronos  Robotics  website.  I 
will,  however,  walk  you  through  each 
section  of  the  code. 

There  are  four  functions  used  to 
make  up  Race  Program  1 . 

• initBike(ComPort) 

This  function  opens  the  indicated 
port  and  sets  DTR  to  power  the 
interface. 

• DrawTrackf) 

This  function  draws  the  track.  You 
can  change  the  FormBrush  values  to 
change  the  track  colors. 

• PlotPlayersf  Player, 

Rotations) 

This  function  plots  a player  pip  at 
a particular  position  on  the  track 
based  on  its  Rotation  value.  Note  that 
player  1 is  the  sensor  and  players  2-4 
are  the  bot  players. 

• Mainf) 

This  is  the  entry 
point  of  the  program. 
This  is  where  most  of  the 
work  gets  done  and,  due 
to  its  complexity,  it  is 
broken  down  into  its  own 
sub  sections. 


Program  1 . Sensor  Test 

'Exercise  Bike  Sensor  Test 
f unc  main  ( ) 

gconst  chBike  1 
dim  Rot  as  integer 
clearall 

if  ComOpen ( chBike ,baud=9 600 ,port  = 4)  =0  then 
MsgBox( "Error  Opening  Com  Port") 
end 
endif 

'Power  up  the  connector 
ComDTR  chBike, 1 

Loop: 

if  ComBuff  (chBike)  > 0 then 
Rot  = Rot  + 1 

Print  val  (Comlnput  (chBike)  ) , "Count="+Rot 
endif 

DoEvents 
goto  Loop 

endfunc 


Main  Setup 

Here  we  set  up  the 
program  by  creating  a 
few  arrays. 

Tots  Total  of  all 

rotations  (sensor 
events). 

Rots  Current  rotations 
of  current  lap. 
Pos  Race  position. 


First,  Second,  Third,  and 
Fourth. 

Laps  Completed  laps. 

A call  to  initBike  is  also  made. 
Notice  that  I am  using  com  port  4.  You 
will  need  to  pass  the  com  port  number 
your  interface  is  connected  to. 

Main  Loop 

Here  we  set  a variable  called 
ticks.  This  variable  will  increment 
every  10  milliseconds.  Once  we  get  a 
tick  value  greater  than  3,  we  reset  the 
counter  and  using  a random  number 
generator,  increment  the  position  of 
each  of  the  bot  pips.  For  instance, 
take  the  following  snipit  of  code: 

if  Random(l,10)  > 4 then 
rots(2)  = rots(2)  + 1 

endif 

Here,  a random  number  between 
1 and  10  is  generated.  If  it  is  greater 
than  4,  we  will  increment  the  bots 
rotation  count.  This  equates  to  a 40% 
chance  of  this  particular  pip  advanc- 
ing one  position  every  40  ms. 

By  changing  the  value  from  4 to  8, 
you  effectively  double  the  skill  level 
of  this  bot.  This  would  give  the 
appearance  of  that  bot  running  faster 
on  average. 

After  the  rotations  are  calculated, 
we  then  draw  the  track  and  plot  all 
four  player  pips. 

Main  Calculate  Position 

Here,  we  do  a quick  bubble  sort 
to  calculate  each  players  position  in 
the  race. 

Main  Display  Lap  Data 

Here,  we  display  the  text  data 
indicating  the  player  name,  his  posi- 
tion, and  number  of  laps  completed. 

Main  Check  Com  Buffer 

Here,  we  check  for  activity  on  the 
com  buffer.  If  we  have  activity,  we  incre- 
ment the  (player  1)  rotation  counter. 

Going  Further 

I consider  this  a starting  point  as 
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Get  Motivated 


PARTS  LIST 


None  of  the  parts  are  critical;  for  instance,  any  diode  will  work.  You  will 
need  a DB9  female  if  you  are  connecting  to  a PC  or  laptop  and  a DB9  male  if 
connecting  to  a pocket  PC.  Other  Hall-effect  sensors  will  work.  Just  make  sure 
you  use  the  non-latching  type. 


□ 78L05  Regulator 

□ 6853  Sensor 

□ 1 K Resistor 

□ 1N4148  Diode 

□ DB9  Male 


Kronos  Robotics  #16207 
Kronos  Robotics  #16211 
Kronos  Robotics  #16178 
Kronos  Robotics  #16135 
Kronos  Robotics  #16254 


□ ZeusNV 

□ ZeusPro 


Nuts  & Volts  website 

KRMicros  website  under  development  section 


there  are  plenty  of  enhancements  you 
can  make  to  the  program.  Here  are  a 
few  ideas. 

• You  could  keep  track  of  lap  times 
using  the  Getms  command  and  creat- 
ing a LapTime  Array. 

• You  could  calculate  other  data 
points  like  speed,  calories,  and 
distance.  If  you  have  a computer  on 
your  bike,  this  will  be  easy  as  you 
have  something  to  help  you  calibrate 
your  calculations. 

• You  could  keep  track  of  all  your  laps 
so  that  you  could  replay  them  as  one 
of  the  bot  players  to  race  against  your 
own  times. 

• You  could  dynamically  change  the 
skill  levels  of  the  bots,  thus  simulat- 
ing the  fact  that  players  will  start  to 
slow  down  as  they  get  tired. 

• You  could  add  sound  effects  or 
voice  commands  to  your  program 
using  the  PlaySound  command. 

• You  could  upgrade  to  ZeusPro  and 
add  bitmaps  and  double  buffering  for 
smoother  graphics. 

• Add  missiles  so  you  can  blow  up 
any  of  the  bot  pips  that  get  in  your 
way. 


Final  Thoughts 

If  you  plan  on  building  a pocket 
PC  version  of  this  software,  I recom- 
mend building  and  testing  it  first  with 
a PC  or  laptop.  You  can  always  use  a 
null  adapter  to  connect  to  the  pocket 
PC  if  you  build  the  circuit  to  interface 
to  the  PC. 

Feel  free  to  experiment  with 
the  code  to  create  the  ultimate 
motivator.  Contact  me  in  care  of 
the  KronosRobotics  website  and  I 
will  post  your  code  up  on  the  website. 
You  can  also  post  your  code  up  on 
the  forums  listed  in  the  Web  Links 
sidebar. 

I successfully  used  a Bluetooth- 
to-RS232  adapter  to  connect  my 
pocket  PC  without  a cable.  This  type 


of  converter  is  a valuable  one  to  add 
to  your  workbench.  I keep  one  in  my 
laptop  bag,  as  well. 

Be  sure  to  visit  both  the 
KronosRobotics  and  KRMicros 
website  for  other  versions  of  the  bike 
interface  code.  NV 


Web  Links 

Nuts  & Volts  website 

www.  n u tsvo  I ts . co  m 

KronosRobotics  website 

www.kronosrobotics.com 

KRMicros  website 

www.krmicros.com 

KronosRobotics  forums 

www.kronosrobotics.com/forums 


A Robotic  . - 

CrustCrawler 

& ^^Development 


Wireless  video  and  control  system 


" Building  a CrustCrawler  robot  is 
tike  owning  a luxury  automobile*,. " 
Mike  Keesling  (Nuts  and  Volts) 


SG6-UT  6 Axis  Robotic  Arm 
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Logon  to  our  website  for  secure  shopping  cart,  powerful 
search  engine,  and  latest  news!  WWW.halted.COm 


Silicon  Valley’s  Electronics  Marketplace 


I J JT 


Got  excess  electronic  inventory?  Send  us  your  list  or  give  us  a call,  we’d  be  happy  to  make  an  offer! 

Call  1 -800-4-HALTED  (1-800-442-5833)  to  order...  ...or  use  our  web  search! 


Deals  @ HSC! 


Electro-Hobbyist  Alert  - HSC  is  your  source! 


Fujitsu  PenCentra 
Tablet  Computer  - 
Good  to  Go! 
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LabJack 
UE9 


Available  now 
for  only  ... 

$399  qty  1 


USB/Ethernet  Data 
Acquisition  & Control 


* USB  2.0/1. 1 and  Ethernet 

* 14  analog  inputs  (12-  to  16-bit) 

* Stream  input  data  up  to  50  kHz 

* Use  with  C,  VB,  LabVIEW,  etc. 

* Includes  DAQFactory  Express 

* Operates  from  -40  to  +85  deg  C 


* 2 analog  outputs  (12-bit) 

* 23  digital  I/O 

* Up  to  2 counters  (32-bit) 

* Up  to  6 timers 

* Approx.  3M  x 7"  x 1" 


A LabJack  Corporation,  Colorado,  USA 
info@labjack.com,  (303)  942-0228 


Learn  Wireless  Communication  Technology  and 
FCC  License  Preparation  at  HOME! 

Free  Information  Packet 

Prepare  today  for  a new  challenging  and 
exciting  career.  Our  Distance  Learning 
Program  is  designed  to  train  you  at  home 
in  your  spare  time,  Call  today  to  get  started, 

Our  new  program  in  Wireless  Communication 
Technology  can  open  up  a new  world  of 
income  opportunities  for  YOU  and  NO 
classroom  attendance  is  required. 

Send  to  Aii,  Inc.,  Dept,  N&V  1203  • 2725  College  St,,  Jacksonville.  FL  32205 

Name Age 


Address Ph;  ( ) 

City/State ZIP  __ 


h , '1 


^Atlantic  International  Institute,  Inc. 


www.Aiilearn.c0m  Email:  info@aiileam.com 

Call  TODAY  For  free  Information  Packet 

Toll  FREE  1-800-658-1180 


PIC  Pro gramming  Made  Easy 7 

Proto n+  PICBASIC  Development  Suite 


Next  Generation  IDE 

Proton  IDE  is  a professional 
and  powerful  visual  Integrated 
Development  Environment  (IDE) 
which  has  been  designed  specifically 
for  the  Proton  Plus  compiler.  Proton 
IDE  accelerates  product  development 
in  a comfortable  user  environment 
without  compromising  performance, 
flexibility  or  control. 

• Code  Explorer 

• Compiler  Results 

• Programmer  Integration 

• Integrated  Bootloader  FREE 

• Serial  Communicator  downloadable 

• Online  Updating  DEM0 

• Plugin  Architecture 

• Real  Time  Simulation  Support 

Visit  www.r4systems.com  to  see 
our  latest  >roton+  projects 


SAVE  TIME  WITH 
END  TO  END 
INTEGRATIONS 


NEW  IDE -New  IDE  makes 
development  using  Proton+ 
even  faster  and  more  intuitive! 
COMPILER -The  popular 
Proton+  compiler  has 
► enhanced  support  for  l2C, 
SPI,  Dallas  1 -wire  bus,  RS232, 
XI 0,  Compact  Flash 
Memory  Cards  and  USB. 
VIRTUAL  SIMULATION  - 
Simulate  your  project  in 
RealTime  using  the  integrate 
Proteus  Virtual  PIC  Boards. 


Schematic  and  PCB  Layout 


EASY  TO  USE 
CAD  TOOLS  AT 
FANTASTIC  PRICES! 


• Powerful  and  flexible  schematic  capture. 

• Auto-component  placement.  • Rip-up  and  Retry  PCB  routing. 

• Polygonal  gridless  ground  planes. 

• Library  of  over  8000  schematic  and  1000  PCB  foot  prints. 

• Bill  of  materials,  DRC  reports  and  more. 


Mixed  Mode  SPICE  Circuit  Simulation 


• Berkeley  SPICE3F5  simulator  with  custom  extensions  for  true 
mixed  mode  and  interactive  simulation. 

• Six  virtual  instruments  and  14  graph  based  analysis  types. 

• 6,000  models  including  TTL,  CMOS  and  PLD  digital  parts. 

• Fully  compatible  with  manufacturers'  SPICE  models. 


Proteus  VSM  - Co-sim ulation  & debugging  for  popular  Micro-Controllers 


• Supports  PIC16  & PIC12,  AVR,  8051,  HC1 1 and  ARM  micro-controllers. 

• Latest  version  includes  40  new  PIC18's. 

• Co-simulate  target  firmware  with  your  hardware  design. 

• Includes  interactive  peripheral  models  for  LED  and  LCD  displays, 
switches,  keypads,  virtual  terminal  and  much,  much  more. 

• Provides  source  level  debugging  for  popular  compilers  and 
assemblers  from  HiTech  PICC,  Crownhill,  IAR,  Keil  and  others. 


PCB  AutoRouting 


• Proteus  PCB  design  includes  an  interface  to  the  Electra  Gridless 
autorouter. 

FREE  DOWNLOADABLE  DEMO!  Save  Time.  Save  Money. 
Proteus  Starter  Kit -$199  • Complete  Systems  from  $499 

"This  is  clearly  superior  in  every  respect." 

n y|  Tel:  905*898*0665 

If4r SYSTEMS  INC  www.r4systems.com  info@r4systems.com 


■ NEWS  ■ INNOVATIONS 


NEWS  BYTE 


R.I.P.  SONY®  AIBO 
1999  - 2006 

In  a bit  of  corporate  euthanasia,  Sony 
Corporation  has  announced  the  can- 
cellation of  its  four-legged  robotic  pet 
program  — Aibo.  As  part  of  a major 
restructuring  plan  aimed  at  thwarting 
its  waning  fiscal  fortunes,  Sony  will  for- 
merly cease  production  of  this  lovable, 
albeit  costly,  robot  dog  in  March  2006. 


What  about  those  approximately 
1 50,000  owners  of  this  dog?  What  will 
they  do  if  their  pet  needs  to  see  a vet? 
In  the  same  breath  announcing  the 
death  of  the  $2,000  Aibo,  Sony  also 
promised  to  extend  its  maintenance 
(both  parts  and  service)  program  for  an 
additional  seven  years. 

Most  of  the  current  Aibo  owners 
interviewed  in  a CNN.com  news 
report  (“Sony  Puts  Robot  Dog  to 


Atmel  AVR  based  Micro64/1 28 
Embedded  Controller  Module 


• 8-Channel  Analog  to  Digital  Convertor 

• Real  Time  Clock/Calender 

• 29  Digital  I/O 

• SPI  & l2C  Bus 

• Two  Serial  Ports 

• Serial  Boot  Loader 

• RS-232,422  or  485 

• Selectable  Baud 
Rates  up  to  250  Kbps 

• Only  1 .5  Cubic  Inches 

• Supports  Assembly, 

BASIC  and  C Prog.  Languages 

• Inexpensive  CodeVision  C Compiler 


Starting  at  Only 

$119  - Single  Qty 


Start  Developing 

The  Micro6/128  Development 
Board  takes  the  Micro64/128  I/O 
pins  and  expands  them  out  to 
solder  pads  and  headers  for  ease 
of  connection  when  developing. 
It  also  connects  USART1  to  RS-232 
drivers  or  directly  to  screw 
terminals  for  RS-422  or  RS-485 
communication.  USART0  is  also 
connected  to  RS-232  drivers.  The 
RS-232  drivers  are  connected  to 
two  DB9  connectors.  This  board 
includes  a prototyping  area  so  the  user  can  add  external 
circuitry. There  is  an  onboard  voltage  regulator  for  powering  the 
Micro64/128  and  additional  circuitry.  The  Micro64/64A/128/128A 
development  system  comes  complete  with  a Micro64,  Micro64A, 
Microl  28  or  Microl  28A, a Micro64/1 28  Development  Board, and  a 
power  supply. 

VISITVWmMICROMINT.COM  F©lf3  MORE 
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Sleep,”  February  2,  2006)  weren't 
convinced  about  the  sincerity  of 
Sony's  maintenance  extension.  Feel- 
ing that  this  gesture  was  more  of  a 
marketing  dog  bone  than  a genuine 
doggie  treat,  these  jaded  owners 
thought  that  Sony  should  be  relegat- 
ed to  the  global  electronic  dog  pile 
and  not  their  beloved  puppy  pal.  But 
Sony  isn't  about  to  play  dead. 

Attempting  to  roll  over  from  its 
current  financial  woes,  Sony  will 
concentrate  on  its  core  electronics 
business  and  its  massive  entertainment 
arm.  Although  still  reeling  from  a 
recent  marketing  fiasco  over  its  brutish 
music  copy-protection  enforcement 
scheme,  Sony  is  hoping  to  fetch 
a brighter  bottom  line  when  their 
revolutionary  PlayStation®  3 video 
game  console  is  released. 

STUDENT-BUILT 
BUOY  LAUNCHES 
OCEAN  STUDIES 

Over  the  holidays,  high-school 
sophomore  Katie  Nance  painted 
her  room  a cool  shade  of  blue.  But  she 
and  her  schoolmates  chose  something 
much  bolder  for  the  ocean  buoy  they 
recently  constructed  for  an  interna- 
tional oceanography  program.  Their 
bright  red  buoy  is  being  launched  off 
the  coast  of  Antarctica.  If  all  goes  well, 
the  buoy  will  phone  home,  thanks  to  a 
satellite  connection,  sending  back  data 
on  ocean  temperatures  that  will  be 
available  to  scientists  and  students 
around  the  world. 

The  buoy  project  is  part  of  an 
education  program  called  Argonautica 
organized  by  the  French  space  agency, 
the  Centre  National  d’Etudes  Spatiales. 
With  help  from  (PL,  a small  group  of 
students  from  a local  French/American 
school,  the  Lycee  International  de  Los 
Angeles,  has  become  the  first  US 
participant.  The  roughly  dozen  team 
members  were  drawn  from  different 
classes,  ranging  in  age  from  9 to  17.  Dr. 
Mohamed  Abid,  a senior  systems 
engineer  for  NASA's  Ocean  Surface 
Topography  Mission,  served  as  their 
advisor. 

Argonautica  is  designed  to  help 
students  learn  about  the  oceans  and 
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the  role  of  satellites  in  oceanography. 
Participants  are  given  an  empty 
plastic  shell  from  which  they  have  to 
construct  a functional  buoy  fitted  with 
sensors  capable  of  withstanding  harsh 
ocean  conditions,  plus  an  anchor  to 
keep  the  buoy  in  position  as  it  drifts 
with  the  currents. 

The  first  challenge,  says  seventh 
grader  Turner  Edwards,  "was  figuring 
out  what  we  wanted  to  measure.  Some 
wanted  to  measure  the  salt  in  the 
water,  some  temperature,  and  some 
currents.  It  was  hard  to  decide." 

They  had  expert  help.  Abid  is  the 
author  of  a new  book  titled  Spacecraft 
Sensors.  "We  had  a number  of 
options,"  he  says,  "so  we  made  lists  of 
the  pros  and  cons  of  our  different 
choices.  We  finally  chose  the  temper- 
ature sensor."  The  next  steps  were  to 
understand  how  the  sensors  work,  test 
them,  and  make  sure  they  will  survive 
in  salt  water. 

For  Nance,  the  hardest  part  of  the 
project  was  all  the  calculations  that 
needed  to  be  done.  "We  had  to  figure 
out  where  we  were  going  to  put  the 
sensors,  how  much  weight  needed  to 
be  in  the  anchor,  how  many  volts  we 
needed  for  the  Argos  card  — the  satel- 
lite transmitter." 

Last  December  after  more  than  a 
year  of  work,  the  Argonautica  team 
completed  their  buoy  with  seven  tem- 
perature sensors  and  an  anchor,  which 
they  constructed  from  plastic  pipe  and 
cement.  The  final  step  was  the  red 
paint.  "It  looked  really  good,"  says 
Nance,  "but  there's  not  much  you  can 
do  with  a buoy." 

Isabelle  Autissier,  a well-known 
French  sailor,  is  launching  the  buoy 
from  her  ship  Ada2.  She  is  on  an  ex- 
pedition to  retrace  the  routes  of  some 
early  Antarctic  explorers,  including 
Jean-Baptiste  Charcot  and  Ernest 
Shackleton.  Students  will  be  able 
to  track  their  buoy  and  other 
Argonautica-built  buoys  from  the 
French  space  agency's  education  web- 
site and  correlate  the  data  they  collect 
with  measurements  of  sea  surface 
height  made  by  the  fason  satellite,  a 
joint  US/French  mission. 

"This  was  so  much  fun  to  build  and 
put  together,"  says  Nance.  "We  were  so 


proud  of  ourselves.  The  best  part  was 
working  as  a team."  Edwards  agrees,  "It 
was  really  fun  to  collaborate.  It  was  nice 
to  come  from  nothing  and  do  a project 
from  start  to  finish." 

"It’s  great  to  see  what  they  can 
accomplish,"  says  Abid.  "Now  that 
they  can  see  what  they  can  do,  their 
expectations  get  higher.  They  believe 
that  next  time  they  can  build  some- 
thing even  more  complex." 


In  France,  about  60  school  groups 
participate  in  Argonautica  each  year, 
and  the  program  is  expanding  in 
Europe.  "We  think  it  is  a great  program 
and  wanted  to  bring  it  to  the  States," 
says  Annie  Richardson,  who  coordi- 
nated the  effort  in  Los  Angeles. 
Richardson  is  an  outreach  coordina- 
tor at  JPL  for  the  lason  mission  and 
the  upcoming  Ocean  Surface  Topog- 
raphy Mission.  "Many  of  the 


EMIEDIID  lEVEIOPMENI  MADE  EASY! 

mikroElektronika  Development  Tools  & Compilers 


EasyPIC3 

$169.00 

FREE  US  SHIPPING! 

Complete  PIC  MPU 
Development  System 

8, 14, 18,28,  & 40  pin  PIC’s 

Fast  USB2.0  Programmer 
PIC16F877A 
16x2  LCD 
128x64  GLCD 
DS1820  Temp  Sensor 
Much  more 


EasydsPICz 

$174.00 

FREE  US  SHIPPING! 

Complete  dsPIC  MPU 
Development  System 

18,  28,  & 40  pin  dsPIC’s 

Fast  USB2.0  Programmer 
dsPIC30F4013 
16x2  LCD 
128x64  GLCD 
DS1 820  Temp  Sensor 
Much  more 

Free  downloads  for  C,  BASIC,  & Pascal  Compilers  for  PIC  & dsPIC 
SECURE  ONLINE  ORDERING. ...MAJOR  CREDIT  CARDS  ACCEPTED 


circuit-ED.com 
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CHINA  PCB  SUPPLIER 


DIRECT  SALE  FROM  CHINA 
PROTOTYPE  TO  PRODUCTION 

instant  online  quote 

shopping  cart  ordering  system 
China  competitive  prices 
free  Electrically  test 


,1 


web:  http://www.pcbcart.com 

email:  sales@pcbcart.com 

Tel:  +86-571-87013819 

Fax:+86-571-87036705 

Add:  No. 2 Huixing  Road,  Hangzhou,  China 


WWW.PCBCART.COM 


Argonautica  materials  are  in  French, 
so  we  started  our  pilot  project  with  a 
small  group  of  students  who  speak 
French,  but  we  hope  to  expand  the 
program  to  include  more  schools. 
We're  also  developing  a pilot 
Argonautica  program  for  the  Boys  and 
Girls  Club." 

More  information  about  Argonau- 
tica can  be  found  at  www.cnes.fr/ 
html/_98_31 12_3147_.php  More  infor- 
mation about  ocean  surface  topogra- 
phy is  available  at  http://sealevel. 
jpl.nasa.gov 

MICROCHIP  BROADCASTS 
FROM  SPACE 

Microchip  is  playing  a special  role 
in  the  release  of  an  unusual 
earth-orbiting  satellite. 

The  international  effort  is  testing 
the  idea  of  using  old  space  suits  as 
satellites.  Astronauts  will  release  an 
old  space  suit,  now  fitted  with  the 
equipment  needed  to  broadcast  a 
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recorded  message  and  various  data  about  its  mission 
over  ham  radio  frequencies.  The  message  and  broadcast  are 
controlled  by  three  boards  integrated  by  Microchip. 

Microchip  built  the  controller  board  using  a PICC 
microcontroller  unit  and  a switchbox  board.  The  company 
then  integrated  those  two  with  the  translator  box,  accord- 
ing to  Steven  Bible,  an  applications  engineer  at  Microchip 
and  a ham  radio  enthusiast. 

The  devices  will  play  back  recorded  greetings  from  chil- 
dren in  several  languages  and  also  the  suit's  temperature, 
battery  voltage,  and  the  mission's  elapsed  time  in  a nine- 
minute  sequence  that  will  be  repeated  over  and  over.  The 
message  will  be  broadcast  at  ham  radio  frequencies  so  class- 
rooms around  the  world  can  listen  to  it,  Bible  said. 

“The  purpose  of  the  mission  is  mainly  educational,” 
he  said,  adding  that  the  organization  in  charge  of 
including  the  radio  was  ARISS  or  the  Amateur  Radio  on 
International  Space  Station.  The  chairman  of  that 
organization  is  Frank  Bauer,  a NASA  engineer.  Bible  was 
personally  contacted  by  a friend  and  asked  if  he  and  his 
company  could  participate. 

“What  this  organization  does  is  plan  ham  radio  activ- 
ities from  the  International  Space  Station,”  said  Bible. 
“There  is  a ham  radio  station  on  board.  Astronauts  use  it 
to  talk  to  schools  around  the  world.  They  do  this  once  a 
week."  NV 
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Colorful  Entrepreneurs  Fund 
Commercial  Manned  Spaceflight 


by  Edward  Driscoll,  Jr. 


In  1911,  Russian  space  pioneer 
Konstantin  Tsiolkovsky  famously 
wrote,  "The  Earth  is  the  cradle  of 
humanity,  but  mankind  cannot  stay  in 
the  cradle  forever.” 

NASA's  early  space  program 
culminating  in  the  1969  landing  on 
the  moon  was  something  of  a false 
start  — much  was  accomplished,  and 
then  essentially  abandoned  for 
budgetary  reasons.  The  Space  Shuttle 
today  seems  both  a limited  and  dated 
technology,  and  NASA's  current 
resources  leave  little  room  for 
expansion.  But  if  Burt  Rutan,  Paul 
Allen,  and  Richard  Branson  have  their 
way,  private  industry  will  be  taking  its 
own  first  baby  steps  in  helping 
mankind  leave  the  cradle. 

Rutan  is  the  veteran  aviation 


designer  who  won  the  $10  million 
Ansari  X Prize  in  2004,  which  called 
for  a reusable  manned  spacecraft 
to  fly  to  the  edge  of  space  (100 
kilometers/62  miles)  twice  within 
two  weeks.  His  SpaceShipOne 
design  fulfilled  those  requirements 
by  flying  on  September  29th  and 
October  4th  of  2004,  with  a pilot 
and  approximately  400  pounds  of 
weight  to  simulate  the  weight  of 
two  crewmen.  Paul  Allen  of 
Microsoft  personally  funded  Rutan's 
Scaled  Composites  (www.scaled. 
com)  — the  company  that  built 
SpaceShipOne  and  owns  the  tech- 
nology behind  it. 

The  flamboyant  Branson  creat- 
ed Virgin  Galactic  (www.virgingalac 
tic.com)  to  put  that  technology  to 


Refer  to  the  photos  above: 

PHOTO  A.  SpaceShipOne  in  feather 
mode  prepares  for  re-entry  from  space. 
Video  capture  courtesy  of  Vulcan 
Productions/Discovery  Channel . 

PHOTO  B.  SpaceShipOne  is  shown 
gliding  back  to  base  during  flight  15P  in 
an  air-to-air  photograph.  Photo  courtesy 
of  Jim  Campbell/Aero-News  Network. 

PHOTO  C.  SpaceShipOne  sits  on  the 
ramp  on  its  landing  gear. 

PHOTO  D.  Shown  just  before  touchdown 
at  90  mph,  SpaceShipOne  returns  to  the 
runway. 

PHOTO  E.  SpaceShipOne  lands  in  front  of 
a crowd  of  27,500  people  after  its  first 
flight  to  space.  Photo  courtesy  of  Jim 
Campbell/Aero-News  Network. 
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SpaceShipOne  ignites  its  engine  after  SpaceShipOne  shoots  away  from  the  SpaceShipOne  underneath  the  White 
being  released  by  the  White  Knight  White  Knight  and  into  space.  Video  Knight  at  45,000  feet.  Video  capture 
mothership.  Video  capture  courtesy  of  capture  courtesy  of  Vulcan  Productions/  courtesy  of  Vulcan  Productions/Discovery 
Vulcan  Productions/Discovery  Channel.  Discovery  Channel.  Channel. 

commercial  use.  In  July  2005,  the 
two  businesses  announced  in  a 
press  release  their  intent  to  form 
“The  Spaceship  Company  (TSC),  a 
new  aerospace  production  company 
which  will  build  commercial 
manned  suborbital  spaceships  and 
launch  aircraft.  Scaled  Composites 
has  agreed  to  develop  the  new 
systems  and  to  provide  TSC  with  the 
technology  required  to  allow  them 
to  produce  the  flight  vehicles,  as 
well  as  to  support  the  spaceline 
operators." 

In  an  attempt  to  support  the 
efforts  of  Virgin  and  Scaled,  the  state 
of  New  Mexico  announced  plans  to 
construct  a purpose-built  commercial 
spaceport  — one  of  seven  current  or 


planned  facilities  in  the  US.  The  New 
Mexico  site  will  house  Virgin 
Galactic's  world  headquarters  and 
mission  control  for  its  personal 
spaceflight  business.  The  spaceport 
will  be  built  on  a 27  square  mile  site 
in  Upham,  about  30  miles  east  of 
Truth  or  Consequences. 

By  2008,  Virgin  Galactic  plans 
daily  commercial  spaceflights, 
increasing  to  three  seven-passenger 
spaceflights  per  day  from  that  facili- 
ty. Virgin  currently  estimates  that 
they'll  launch  50,000  passengers  into 
space  during  their  first  10  years  of 
operation.  Current  seat  prices  are 
$200,000  a pop,  but  just  as  airline 
seat  prices  have  fallen  dramatically 
in  the  last  30  years  (“You  are  now 


free  to  move  about  the  country  ..."), 
Virgin  expects  these  ticket  prices  to 
drop,  as  well. 

Entrepreneurs  Want  to 
Make  Sci-Fi  a Reality 

Why  are  entrepreneurs  such  as 
Branson,  Paul  Allen,  and  Jeff  Bezos  of 
Amazon.com  becoming  increasingly 
involved  in  funding  private  space- 
flight  ventures?  In  addition  to  a 
growing  number  of  technology 
advancements  that  make  such  efforts 
progressively  more  feasible,  there's 
also  a cultural  component.  Glenn 
Reynolds  of  Instapundit.com  is 
the  author  of  An  Army  of  Davids 
(published  by  Nelson  Current),  a 
2006  book  on  empowering  technolo- 

Igies,  with  a chapter  titled  "Space:  It's 
Not  lust  For  Government,  Anymore.” 
Reynolds  says,  "You  now  have  a 
generation  of  rich  guys  who,  like  me, 
grew  up  on  science  fiction,  and  really 
want  to  make  this  stuff  a reality.  I 
think  it's  kind  of  like  what  you  saw  in 
the  1920s  and  1930s,  when  you  had  a 
lot  of  relatively  young  rich  guys  who 
were  investing,  and  sometimes  even 
participating,  in  the  pursuit  of  these 
various  aviation  prizes  (Howard 
Hughes  being  the  most  famous 
example,  but  there  were  actually  a lot 
of  them.).” 

If  you  think  that  sci-fi  and  the  "he 
who  dies  with  the  most  toys,  wins” 
theme  isn't  a strong  influence  at 
Virgin  Galactic,  consider  that  the  first 
Virgin  Space  Ship  is  named  the  V.S.S. 
Enterprise.  And  Burt  Rutan  doesn't 
want  his  legacy  to  be  just  the  design 
of  SpaceShipOne.  Instead,  he  says,  "I 
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SpaceShipOne  shown  underneath 
White  Knight  during  flight  15P.  Photo 
courtesy  of  Jim  Campbell/Aero-News 
Network. 


The  White  Knight  launch  aircraft 
carries  the  spaceship,  followed  by  Bob 
Scherer's  Starship  chase  aircraft. 


Paul  Allen  and  Burt  Rutan  discuss 
the  results  of  a recent  SpaceShipOne  test 
flight. 


want  to  be  remembered  for  helping 
make  affordable  space  tourism 
happen,  so  my  kids  and  hundreds  of 
thousands  of  people  can  experience 
the  magic  of  space.” 

Richard  Branson  is  famous  for 
spending  his  fortune  on  testosterone- 
pumping adventures,  such  as  his 
giant  hot  air  balloon,  the  first  to 
successfully  cross  the  Atlantic.  And 
his  boat,  "Virgin  Atlantic  Challenger 
II,”  which  crossed  the  Atlantic  Ocean 
in  1986,  in  the  fastest-ever  recorded 
time. 

And  if  there  is  any  man  who  can 
rival,  and  perhaps  surpass  Branson 
in  the  "never  outgrow  your  boyhood 
fantasies”  department,  it's  Paul 
Allen.  He  owns  the  Seattle 
Seahawks,  and  turned  his  interest  in 
and  love  for  music  into  Seattle's 
multimedia  Experience  Music 
Project  Museum,  complete  with  a 
Jimi  Hendrix  wing.  He's  turned  his 
fascination  with  science  fiction  into 
the  Science  Fiction  Museum  and 
Hall  of  Fame. 

With  a combined  net  worth  of 
well  over  $27  billion,  as  well  as 
the  track  records  of  several  highly 
profitable  businesses  behind  them, 
the  Rutan-Allen-Branson  team  seems 
well  poised  to  pull  off  making  a com- 
mercial success  out  of  their  collective 
inner-child's  love  for  sci-fi. 

In  contrast,  NASA's  manned 
spaceflight  efforts  appear  to  be  large- 
ly stuck  for  the  foreseeable  future, 
with  the  Space  Shuttle,  an  early 
1970s-design  that's  become  known 
as  the  DC-3  of  space  — or  "the  DC-1 
and  a half,"  as  Arthur  C.  Clarke  once 
sardonically  quipped  after  the 


Challenger  explosion  of  1986.  While 
NASA  has  successor  designs  on  the 
drawing  board,  its  bureaucracy  poses 
deep  structural  problems  that  pre- 
vent much  of  a return  to  the  glory 
days  of  Neil  and  Buzz.  "Its  fixed  costs 
are  actually  very,  very  high,”  Reynolds 
says.  "If  you  actually  look  at  the 
NASA  budget,  nearly  all  of  it  goes  to 
just  keeping  the  lights  turned  on  and 
the  paychecks  flowing,  and  there's 
not  a lot  of  money  left  to  actually 
do  stuff." 

Suborbital 

Bootstrapping 

The  current  priority  of  Virgin 
Galactic  is  sub-orbital  tourist- 


oriented  flights.  Their  preliminary 
travel  brochures  picture  the  flights  as 
part  of  a luxurious  and  expensive 
experience,  including  transportation 
to  the  New  Mexico  spaceport, 
lectures,  "meet  the  astronaut”  events, 
and  world  class  dining.  But  just  as 
in  the  days  of  Project  Mercury, 
suborbital  space  travel  is  a way  of 
bootstrapping  towards  orbital  flight 

— a far  more  significant  goal. 

Reynolds  is  not  surprised  that 
tourism  is  driving  the  initial 
commercialization  of  space  travel. 
"People  laugh  at  tourism  as  an 
industry,  but  it's  something  like  the 
third  biggest  industry  on  the  planet 

— it's  huge!  If  space  tourism  were 
only  as  big  as  terrestrial  tourism,  it 
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Glenn  Reynolds'  book  — An  Army  of  Davids. 


Workers  prepare  the  spaceship  for  its  historic 
flight.  The  large  rocket  motor  will  produce 
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would  be  gigantic.” 

Of  course,  there  are  not  only 
financial,  but  safety  risks  involved  in 
developing  commercial  space  flight. 
Branson  said  around  the  time  of  the 
New  Mexico  spaceport's  debut  that 
Virgin  Airlines  is  "used  to  transporting 
millions  of  people  ...  transporting 
them  safely.  And  we  want  to  keep  that 
impeccable  record.  We  know  what  our 
priorities  are.” 

But  there  were  many  deaths 
associated  with  aviation  during  its 
barnstorming  days  (they  didn't  call 
those  early  pilots  "death-defying”  for 
nothing).  And  sooner  or  later,  there 
will  be  a Challenger  or  Apollo  1-like 
disaster  during  these  early  days  of 
manned  commercial  spaceflight. 
Rand  Simberg  of  Transterrestrial.com 
who  calls  himself  "a  recovering  aero- 
space engineer”  believes  that  such  a 
setback  wouldn't  be  permanent  to 
this  fledgling  industry.  "If  it's  clearly 
negligence  on  the  part  of  the  service 
provider,  it  will  certainly  be  devastat- 
ing for  them,  but  not  for  the  industry 
as  a whole,”  he  says,  "Any  more  than 
an  airplane  crash  killed  the  aviation 
industry  in  the  early  days  in  the  '20s 
and  '30s  when,  in  fact,  many  died  in 
airplanes.” 

But  risk  always  encourages 
pioneers  and  adventurers.  The 
barnstormers  of  the  1920s  paved  the 
way  to  flying  becoming  an  everyday 
experience  for  millions  of  people.  In  a 
few  decades,  we  may  very  well  look 
back  with  similar  memories  of  the 
men  behind  Virgin  Galactic,  and  their 
colorful  efforts  towards  helping  to 
leave  the  cradle  behind  for  good. 

Photos  courtesy  of  Scaled  Composites, 
LLC,  unless  noted  otherwise. 
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RESISTORS 


TYPES  AND 
APPLICATIONS 


by  H.  Ward  Silver 


An  ohm  is  an  ohm,  right?  Not  so 
fast  — there  are  many  different 
types  of  resistors.  To  insure  that 
your  circuit  works  and  stays 
working,  use  the  right  type  of 
resistor.  In  this  article,  you’ll 
learn  about  the  common  types 
of  resistors  and  their  special 
characteristics. 


Resistor  Fundamentals 

Every  conductor  exhibits  some 
resistance  to  the  flow  of  electrical 
charge  (except  for  superconductors). 
Georg  Ohm  discovered  the  exact  rela- 
tionship between  voltage  (V),  current 
(I),  and  resistance  (R),  formulating 
the  law  that  bears  his  name  and  is 
learned  by  every  electronics  student: 

V = IxRorI  = V/  RorR  = V/  I 

As  electrons  flow  through  a mate- 
rial in  response  to  an  electric  field, 
they  collide  with  the  atoms  that  make 
up  the  material.  The  collision  transfers 
some  of  the  electron's  energy  to  the 


atoms,  which  vibrate  in  response. 
These  vibrations  result  in  an  increased 
temperature  of  the  material.  The 
energy  that  heats  the  material  is  the 
power  dissipated,  calculated  as: 

Power  (P)  = I2  x R or  P = V2  / R 

A perfect  resistor  does  not  care 
whether  the  current  flowing  through  it 
is  AC  or  DC.  The  electrons  collide  with 
atoms  going  in  either  direction. 
Nevertheless,  practical  construction 
details,  as  shown  in  Figure  1,  create 
some  parasitic  effects,  making  an 
actual  resistor  act  like  the  circuit  model 
shown  in  Figure  2.  The  model  describes 
how  the  actual  resistor's  characteristics 


make  its  electrical  behavior  depend  on 
frequency  and  on  how  voltage  and 
current  are  applied  to  it. 

The  series  inductance,  Ls,  is  pri- 
marily created  by  the  leads  attached 
to  the  resistor.  Notice  that  for  the 
surface-mount  resistor,  there  are  no 
leads,  which  greatly  reduces  Ls.  The 
electrodes  also  form  a very  small 
capacitor,  CP,  that  affects  the  resis- 
tor's behavior  at  very  high  frequen- 
cies. Although  the  resistor's  coating 
is  a very  good  insulator,  current  can 
still  flow  in  very  small  amounts 
across  the  surface  of  the  resistor  as  a 
leakage  current,  represented  by  RP. 
This  becomes  important  when  the 
resistor  has  a very  high  value  or  is 
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FURTHER  RERDIRG 


To  learn  more  about  resistors, 
definitions  are  available  from  the 
Resistor  Term  Glossary  at  www. 
prpinc.com/pdf/GlossaryofTerm 
s.pdf  Download  the  article  on 
choosing  resistors  “Ask  the 
Applications  Engineer  #24”  from 
Analog  Devices’  website  at 
www.analog.com/library/analog 
Dialogue/archives/31 1/Ask_Engi 
neer.html.  Serious  designers  will 
want  to  find  a copy  of  The  Resistor 
Handbookby  Kaiser  (CJ  Publishing, 
2851  W.  127th  St.,  Olathe,  KS 
66061)  which  is  a good  reference. 


FIGURE  1.  Resistors  can  be 
constructed  in  a number  of  ways 
to  optimize  power  handling, 
stability,  or  size. 
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FIGURE  2.  This  is  a model  of 
how  a resistor  actually  behaves 
in  a circuit.  The  type  of  resistor 
determines  the  importance  of 
each  component. 


used  in  a high  voltage  circuit. 

Resistor  Types 

For  a piece  of  conducting  materi- 
al to  be  made  into  a practical  resis- 
tor, a pair  of  electrodes  and  leads  are 
attached  so  that  current  can  flow.  The 
resistor  is  coated  with  an  insulating 
material  to  protect  the  conducting 
material  from  the  surrounding  envi- 
ronment and  vice  versa.  There  are 
several  different  resistor  construction 
methods  and  body  styles  or  packages 
that  are  designed  for  a certain  range 
of  applied  voltage,  power  dissipa- 
tion, or  other  considerations. 

Carbon  Composition 

Composition  means  that  the 
resistive  material  is  a mix  of  carbon 
and  stabilizing  compounds.  The 
amount  of  carbon  in  the  mix  deter- 
mines the  resistance  of  the  material. 
A small  cylinder,  like  a pencil  lead,  is 
held  between  the  two  electrodes  and 
coated  with  resin  or  phenolic,  mak- 
ing a non-inductive  resistor  with  low 
Ls  that  is  often  used  in  RF  circuits. 

Carbon  comp  resistors  are 
available  with  power  ratings  of  1/4  to  2 
watts.  They  can  also  handle  temporary 
overloads  much  better  than  film  resis- 
tors because  the  heat  is  distributed 
evenly  throughout  the  cylinder  of  resis- 
tive material.  That  makes  them  a good 
choice  for  circuits  that  protect  against 
and  absorb  pulses  and  transients,  for 
example.  Unfortunately,  these  resistors 
are  also  strongly  influenced  by  temper- 
ature and  humidity  and  so  are  not 
good  for  circuits  that  depend  on 
precise,  stable  resistance  values. 

Film  Resistors 

In  a film  resistor,  the  resistive 
material  is  a very  thin  coating  of 
carbon  or  metal  on  an  insulating 
substrate,  such  as  ceramic  or  glass. 
The  value  of  the  resistance  is  deter- 
mined by  the  thickness  of  the  film 
and  the  amount  of  carbon  or  metal  in 


it.  These  resistors  are  available  with 
very  accurate  and  stable  values. 

A drawback  of  film  resistors  is 
that  they  are  unable  to  handle  large 
amounts  of  power  because  the  film  is 
so  thin.  Overloads  can  also  damage 
the  film  by  creating  "hot  spots”  inside 
the  resistor,  changing  its  value  per- 
manently. The  value  of  film  resistors 
is  sometimes  adjusted  before  sealing 
by  cutting  away  some  of  the  film  with 
a laser,  a process  called  trimming. 

If  the  film  is  deposited  on  the 
inside  of  a tube,  the  trimming 
process  creates  a coil-like  current 
path  that  raises  the  Ls  of  the  resistor. 
If  your  circuit  operates  at  high 
frequencies,  be  sure  the  resistors  you 


select  have  a low  value  of  Ls. 

Surface-mount  resistors  are 
almost  always  film  resistors.  These 
resistors  have  no  leads  at  all,  so  Ls  is 
very  low.  The  film  is  deposited  on  a 
ceramic  sheet.  Because  of  their 
extremely  small  size,  surface-mount 
resistors  have  very  low  power  ratings 
— from  1/10  to  1/4  watt. 

Wirewound 

Common  in  power  supplies  and 
other  equipment  where  lots  of  power 
is  dissipated,  a wirewound  resistor  is 
made  just  as  you  might  expect.  A high- 
resistance  wire  is  wound  on  an  insulat- 
ing form  — usually  a ceramic  tube  — 
and  attached  to  electrodes  at  each 


CHOOSinG  RESISTORS 


Here  are  some  special  applications  that  require  special  types  of  resistors. 
These  aren’t  hard  and  fast  rules,  but  can  guide  your  initial  selection.  For  most 
circuits,  plain  old  carbon  film  or  carbon  comp  resistors  will  work  just  fine. 

■ ESD  and  Transient  Protection  — Carbon  composition,  metal  oxide  (with- 
stand short  pulse  overloads  and  low  inductance) 

■ Audio  and  Instrumentation  circuits  — metal  film  (low  noise) 

■ High  Voltage  — wirewound  and  metal  oxide  in  high-voltage  body  styles 

■ RF  — carbon  composition  and  metal  oxide  (low  inductance) 

■ Precision  circuits  — carbon  or  metal  film  (fixed  value)  and  cermet  (trimmers 
or  controls) 

Remember  to  consider  what  is  important  for  your  circuit  — value,  power  or 
voltage,  stability,  cost  — then  look  for  the  resistor  type  that  meets  those 
requirements. 
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end.  These  are  made  to  dissipate  a lot 
of  power  in  sizes  from  one-watt  to  hun- 
dreds of  watts!  Wirewound  resistors 
are  usually  intended  to  be  air  cooled, 
but  some  styles  have  a metal  case  that 
can  be  attached  to  a heatsink  or  metal 
chassis  to  get  rid  of  undesired  heat. 

Because  the  resistive  material  in 
these  resistors  is  wound  on  a form, 
they  have  very  high  Ls.  For  this  rea- 
son, wirewound  resistors  are  not  used 
in  audio  and  RF  circuits.  Be  careful 
when  using  a resistor  from  your  junk 
box  or  a grab  bag  in  such  a circuit! 

Small  wirewound  resistors  look 
an  awful  lot  like  film  or  carbon  comp 
resistors.  There  is  usually  a wide 
color  band  on  wirewound  resistors, 
but  not  always.  If  you're  in  doubt,  test 
the  resistor  at  the  frequencies  you 
expect  to  encounter.  There  are  special 
versions  with  windings  that  cancel 


most  of  the  inductance,  but  have  a 
much  higher  CP  that  also  affects  the 
resistor's  performance  above  50  kHz. 

Ceramic  and  Metal  Oxide 

If  you  need  a high-power  non- 
inductive  resistor,  you  can  use  cermet 
(ceramic-metal  mix)  or  metal  oxide 
resistors.  These  are  constructed  much 
like  a carbon  comp  resistor,  substitut- 
ing the  cermet  or  metal  oxide  for  the 
carbon  composition  material. 

Adjustable  Resistors 

There  are  many  different  types  of 
adjustable  resistors.  The  simplest  are 
wirewound  resistors  with  some  of  the 
wire  exposed  so  that  a movable  elec- 
trode can  be  attached.  The  most  com- 
mon are  adjusted  with  a rotary  shaft  as 
shown  in  Figure  3.  The  element  pro- 
vides a fixed  resistance  between  termi- 


FIGURE 3.  A potentiometer  (or  pot) 
acts  as  a variable  voltage  divider 
by  moving  a wiper  across  the  sur- 
face of  a fixed-resistance  element. 


nals  1 and  3.  The  wiper  moves  to  con- 
tact the  element  at  different  positions, 
changing  the  resistance  between  either 
end  of  the  element  and  terminal  2. 

If  an  adjustable  resistor  has  only 
two  terminals  (1  and  2 in  the  figure), 
then  it  is  called  a rheostat  and  acts  as 
an  adjustable  resistance.  Most 
rheostats  are  intended  for  use  in  high- 
power  circuits  with  power  ratings  from 
several  watts  to  several  tens  of  watts. 

If  the  adjustable  resistor  has 
three  terminals,  it  is  called  a poten- 
tiometer or  “pot”  for  short.  Most  pots 
are  intended  to  act  as  voltage  dividers 
and  can  be  made  into  a rheostat  by 
leaving  terminal  1 or  3 unconnected. 
Miniature  versions  called  trimmers 
mount  on  a circuit  board  and  are  used 
to  make  small  adjustments  or 
calibrate  a circuit.  They  are  available 
in  single-turn  or  multi-turn  versions. 

Larger  pots  with  1/8”  or  1/4" 
diameter  shafts  are  intended  for  use 
as  a user  control.  Pots  are  available 
with  resistance  values  from  a few 
ohms  to  several  megohms  and  with 
power  ratings  up  to  five  watts. 

Like  fixed-value  resistors,  the 
construction  of  the  pot  is  important. 
Higher-power  pots  may  have  a wire- 
wound  element  that  has  enough 
inductance  to  be  unsuitable  for  audio 
or  RF  signals.  Smaller  pots,  particu- 
larly trimpots,  are  not  designed  to  be 
strong  enough  for  use  as  a frequently- 
adjusted  control.  Most  pots  have 
relatively  high  values  of  CP,  as  well. 

Pots  are  also  available  with  ele- 
ments that  have  a non-linear  taper  or 
change  of  resistance  with  wiper  posi- 
tion. For  example,  a log  taper  pot  has 
a resistance  that  changes  logarithmi- 
cally with  shaft  rotation.  This  is 
useful  in  attenuator  circuits,  for 
example.  An  audio  taper  pot  is  used 
to  create  a voltage  divider  that 
mimics  the  loudness  response  of  the 
human  ear  so  that  volume  appears  to 
change  linearly  with  control  rotation. 

Resistor  Networks 

In  order  to  save  space  on  printed 


TOLERflllCE  nnD  TEUlPERnTURE  COEFFICIERT 


Resistors  have  a nominal  value  and  a tolerance  (the  amount  of  acceptable 
variation  above  or  below  the  nominal  value).  Most  resistors  have  a 1%,  5%,  or 
10%  tolerance  and  you  can  find  smaller  or  tighter  tolerances.  Which  values  of 
resistors  are  available  is  determined  by  the  tolerance  series.  For  example,  in 
the  5%  series,  values  are  selected  so  that  each  is  approximately  twice  the 
tolerance  or  10%  from  the  next  highest  or  lowest  value. 

Resistors  also  change  value  with  temperature.  The  relative  change  of 
resistance  with  temperature  is  called  the  temperature  coefficient  or  tempco 
and  it  is  specified  as  parts  per  million  or  ppm  or  as  percentage  change  per 
degree  Celcius  of  temperature  change.  A positive  tempco  means  that  resistor 
value  increases  with  temperature.  When  designing  and  constructing  sensitive 
circuits  that  use  precision  (1%  or  tighter  tolerance)  resistors,  it  is  important  to 
keep  them  at  an  even  temperature. 
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circuit  boards,  resistor  networks  are 
often  used.  These  are  miniature  print- 
ed circuits  themselves,  placing  several 
resistors  on  one  substrate.  The  resis- 
tors may  be  isolated  from  each  other, 
share  one  common  terminal,  or  be 
connected  in  series.  There  are  a num- 
ber of  configurations  that  can  be  found 
in  any  component  supplier's  catalog. 

P otuer  Dissipation 
and  l/oltage  Ratings 

After  value,  power  dissipation  is 
the  next  most  important  characteris- 
tic of  a resistor.  An  overloaded  resis- 

An  ohm  is  an  ohm,  right?  Not  so  fast  — there  are 
many  different  types  of  resistors.  To  insure  that  your  circuit 
works  and  stays  working,  use  the  right  type  of  resistor.  ” 

tor  often  changes  in  value  over  time 
and  can  often  get  hot  enough  to  burn 
itself  and  surrounding  components. 

Every  circuit  designer  learns  the  smell 
of  burnt  resistor  sooner  or  later! 

The  common  rule  of  thumb  is  to 
calculate  how  much  power  the  resis- 
tor will  have  to  dissipate  and  then  use 
the  next  largest  size  or  a factor  of  two 
higher  dissipation  rating,  whichever  is 
larger.  The  power  rating  is  based  on 
unobstructed  air  circulation  around 
the  resistor.  For  resistors  dissipating 


Another  important  rating  is  maxi- 
mum applied  voltage.  Voltages  above 
this  value  may  cause  an  arc  between 
the  resistor  terminals!  At  high  voltages, 
RP  can  also  become  significant,  allow- 


even  arcing.  This  is  why  resistors  for  use 
in  high-voltage  circuits  are  long  and 
thin  with  their  terminals  far  apart  — to 
minimize  leakage  and  maximize  the 
ability  to  withstand  high  voltage.  NV 


ABOUT  THE  AUTHOR 


H.  Ward  Silver  is  an  engineer,  writer,  and  teacher  with  over  30  years  of  practical  experi- 
ence in  medical  electronics,  instrumentation  design,  and  broadcasting.  He  is  the  author 
of  Two-Way  Radios  and  Scanners  for  Dummies  and  Ham  Radio  for  Dummies  by  Wiley 
Press  and  numerous  articles  for  QST  magazine.  Ward’s  ham  radio  call  sign  is  N0AX. 


HOUJ  TO  AEHD  H RESISTOR 


Learning  the  resistor  color  code  (“Bad  boys  ravish  ...”)  is  a rite  of 
passage  for  electronics  techs  the  world  over.  A handy  Web  guide  is 
available  at  www.proaxis.com/~iguanalabs/resistors.htm  along  with 
other  handy  tutorials,  or  just  type  in  “resistor  color  code”  to  an  Internet 
search  engine.  Surface  mount  and  power  resistors  may  also  have  the 
value  printed  on  their  body  as  a three-  or  four-digit  code  with  the  final  digit 
acting  as  an  exponent.  For  example,  £513’  means  51  x 103  or  51 KQ. 


more  than  a watt,  arrange  nearby 
components  so  that  air  can  circulate 
freely.  If  possible,  mount  power  resis- 
tors horizontally  so  that  convection 
cools  all  parts  of  the  resistor  equally. 


ing  current  to  leak  around  the  internal 
resistance.  High-voltage  resistors  must 
be  kept  clean.  Fingerprints,  oil,  dirt,  and 
dust  all  create  unwanted  current  paths, 
lowering  RP  and  increasing  leakage  or 
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FUNCTION  GENERATORS 
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Counter,  lin/log  sweep 
MODEL  FG-30  MODEL  EG -32 
(5  Digit  Display) 
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$12000 


BENCH  DMM  with RS232  interface 
MODEL  DM9803 R 
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RPM)  with  accessory  kit  in  a 
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W29DR101 


ALLIGATOR  LEADS,™*.  RSR^« — HIGH  PERFORMANCE 
SET  OF  10  $210  3-WIRE  IRON __  mu  y S550 

SOUND  SENSOR  CAR 

REQUIRES  SOLDERING 

Reverses 

direction 

whenever  it 

detects  noise, 

or  touches  an  $J95 

obstacle.  #V3221881 

RSR^m — DIGITAL 
MULTIMETER  $r25 
SUPER  °50+ 

ECONOMY  .flU 
MODEL  82 OB  P-* 

1-9 $7.50  Pj 

10-49  ...  $6.50  B£l 
#V01DM820B 

MORE 

1 nu/.Prirorl 

Items  In  Our  SgJJi? 

FREE 

300+ Page 
Catalog 
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AUTOMOTIVE 


50  Awesome  Auto  Projects 
for  the  Evil  Genius 
by  Gavin  D J Harper 

The  Evil  Genius  format 
is  the  perfect  "vehicle" 
for  50  incredible  auto- 
motive projects  that 
are  compatible  with 
any  car,  no  matter 
what  make,  model,  or 
year.  Focusing  on  low- 
cost,  easily  obtained 
components,  50 
Awesome  Auto  Projects 
for  the  Evil  Genius  lists 
the  items  needed  to  complete  each  project 
along  with  a troubleshooting  and  repair 
section.  $24.95 


50  RUJEsnrrtE 

rutd 

PROJECTS 

" EVIL 

GENIUS 


ELECTRONICS 


PSP  Hacks,  Mods, 
and  Expansions 

by  Dave  Prochnow 

Packed  with  the 
mother  lode  of  geek 
tweaks,  tricks,  and 
upgrades,  award-win- 
ning how-to  writer 
Dave  Prochow's 
PSP™  Hacks , Mods, 
and  Expansions  gives 
you  everything  you 
need  to  morph  your 
Sony  PlayStation® 

Portable  into  the 
hottest  handheld  on  the  planet. You  can't 
find  more  PSP  fun,  finesse,  and  future- 
features  anywhere!  To  make  the  whole  trip 
more  gratifying,  Dave  smoothes  the  way 
for  those  who  merely  aspire  to  geekdom. 
Within  this  book’s  covers,  you'll  find 
complete,  goof-proof,  illustrated,  insider's 
guidance.  $24.95 


m □ R E 

ELECTRONIC 

GADGETS 

-EVIL 

GENIUS 


MORE  Electronic  Gadgets 
for  the  Evil  Genius 

by  Robert  E.  lannini 

This  much  anticipated 
follow-up  to  the  wildly 
popular  cultclassic 
Electronic  Gadgets  for  the 
Evil  Genius  gives  base- 
ment experimenters  40 
all-new  projects  to  tin- 
ker with.  Following  the 
tried-and-true  Evil 
Genius  Series  format, 
each  project  includes  a 
detailed  list  of  materials,  sources  for  parts, 
schematics,  documentation,  and  lots  of 
clear,  well-illustrated  instructions  for  easy 
assembly.  Readers  will  also  get  a quick 
briefing  on  mathematical  theory  and  a sim 
pie  explanation  of  operation  along  with 
enjoyable  descriptions  of  key  electronics 
topics.  $24.95 


ELECTRONIC 

5EN5DR5 

’"EVIL 

GENIUS 


Electronic  Sensors  for  the  Evil 
Genius  — 54  Electrifying  Projects 

by  Thomas  Petruzzellis 

Nature  meets  the 
Evil  Genius  via  54  fun, 
safe,  and  inexpensive 
projects  that  allow 
you  to  explore  the 
fascinating  and  often 
mysterious  world  of 
natural  phenomena 
using  your  own  home- 
built  sensors.  Each 
project  includes  a list 
of  materials,  sources  pi 
for  parts,  schematics,  and  lot^of  clear,  well- 
illustrated  instructions.  Projects  include 
rain  detector,  air  pressure  sensor,  cloud 
chamber,  lightning  detector,  electronic  gas 
sniffer,  seismograph,  radiation  detector,  and 
much  more.  $24.95 


BIONICS 
;s  EVIL 

GENIUS 

MS-;; 


Bionics  for  the  Evil  Genius 

by  Newton  C.  Braga 

Step  into  the  future  — 

(or  the  past,  if  you 
have  a touch  of  Dr. 

Frankenstein  in  your 
soul)  — with  these 
25  incredibly  cool 
bionic  experiments! 

Demonstrating  how 
life  forms  can  be 
enhanced,  combined,  pj 
manipulated,  and 
measured  with  elec-  w* 
tronic  and  mechanical  components,  these 
inexpensive  projects  from  internationally 
renowned  electronics  guru  Newton  Braga 
provide  hours  of  fun  and  learning. Totally 
safe,  Bionics  for  the  Evil  Genius  guides  you 
step  by  step  through  25  complete,  intrigu- 
ing, yet  low-cost  projects  developed 
especially  for  this  book  — including  an 
electric  fish,  a bat  ear,  a lie  detector,  an 
electronic  nerve  stimulator,  a panic 
generator,  and  20  other  exciting  bioelec- 
tric/mechanical projects!  $24.95 


HOME  COMPUTING 


Anti-Hacker  Tool  Kit 
Third  Edition 

by  Mike  Shema 

Stop  hackers  in  their 
tracks!  Organized  by 
category,  Anti-Hacker 
Tool  Kit,  Third  Edition 
provides  complete 
details  on  the  latest  and 
most  critical  security 
tools,  explains  their  func- 
tion, and  demonstrates 
how  to  configure  them 
to  get  the  best  results. 

It  is  completely  revised  to  include  the  lat- 
est security  tools,  including  wireless  tools. 
This  book  also  includes  new  tips  on  how 
to  configure  the  recent  tools  on  Linux, 
Windows,  and  Mac  OSX.  $59.99 


SERVO  CD-Rom 

Starting  with  the 
first  SERVO  issue 
— November 

2003  — all  of  the 
issues  through  the 

2004  calendar 
year  are  now 
available  on  a CD 
that  can  be 
searched,  printed, 
and  easily  stored. 

This  CD  includes  all  of  Volume  I,  issues  I I- 
1 2 and  Volume  2,  issues  I - 1 2,  for  a total  of 
14  issues.The  CD-Rom  is  PC  and  Mac 
compatible.  It  requires  Adobe  Acrobat 
Reader  version  6 or  above.  Adobe  Acrobat 
Reader  version  7 is  included  on  the  disc. 
$29.95 

Embedded  Ethernet  and 
Internet  Complete 

by  Jan  Axelson 
Learn  how  to  design 
and  program  devices 
that  host  Web  pages, 
send  and  receive  e- 
mail,  and  exchange  files 
using  FTP.  Put  your 
devices  on  the  Internet 
and  monitor  and  con- 
trol your  devices  from 
across  town  or  around 
the  world.  Create  pri- 
vate, local  networks  that  enable  your 
devices  to  share  information,  send  com- 
mands, and  receive  alarms  and  status 
reports.  Plus:  learn  about  Ethernet  con- 
trollers, hardware  options  for  networks, 
networking  protocols,  and  more  $49.95 


Embedded 

ETHERNET 

AND 

INTERNET 

COMPLETE 


Designing  and 
Programming 
Smati  Dtiueei 
for  Networking 

Ess 


Keep Your 

Kids  Safe 

’Internet 


Keep  Your  Kids  Safe 
on  the  Internet 

by  Simon  Johnson 
Protect  your  children 
from  dangers  that 
lurk  on  the  Internet. 

Learn  to  identify  the 
real  threats  and  for- 
mulate an  effective 
protection  plan. 

Choose  the  best 
software  for  your 
needs  and  your  budg- 
et from  the  book’s 
independent  review 
of  firewalls,  web  filters,  anti-virus  products, 
and  more.  Plus,  a companion  website  host- 
ed by  the  author  includes  updated  data  and 
information.  Get  FREE  eTrust  EZ  Antivirus 
Software  for  ONE  YEAR  with  purchase  of 
this  book  — a $29.95  USD  value.  $19.99 


If  you  don't  see  what  you  need 
here,  check  out  our  online  store  at 

www.nutsvolts.com  for  a complete 
listing  of  the  titles  available. 
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Nuts  & Volts  CD-Rom 

Here’s  some  good 
news  for  Nuts  & 

Volts  readers! 

Starting  with  the 
January  2004 
issue  of  Nuts  & 

Volts,  all  of  the 
issues  through 
the  2004  calendar 
year  are  now 
available  on  a CD 
that  can  be  searched,  printed,  and  easily 
stored. This  CD  includes  all  ofVolume  25, 
issues  I - 1 2,  for  a total  of  1 2 issues.The 
CD-Rom  is  PC  and  Mac  compatible.  It 
requires  Adobe  Acrobat  Reader  version  6 
or  above.  Adobe  Acrobat  Reader  version  7 
is  included  on  the  disc.  $29.95 


Winning  Results  with 
Google  AdWords 

by  Andrew  Goodman 
Don’t  get  lost  in  the 
digital  haystack!  With 
thousands  of  links  for 
every  search,  the 
chances  of  your  prod- 
ucts being  found  online 
are  slimmer  than  a 
needle.  But  there’s 
good  news  — you  can 
pinpoint  your  market- 
ing message  with  help 
from  Winning  Results  with  Google  AdWords. 
You'll  discover  Ad  Word  essentials,  how  to 
bid  for  and  win  the  keywords  you  want, 
how  to  track  your  results,  and  much  more. 
Create  a profitable  ad  campaign  using 
online  marketing,  paid  search,  targeting,  and 
leveraged  branding.  $24.99 


MICROCONTROLLERS 


Programming  & Customizing 
PICMicro  Microcontrollers 

by  Myke  Predko 

This  book  is  a fully 
updated  and  revised 
compendium  of  PIC 
programming  informa- 
tion. Comprehensive 
coverage  of  the 
PICMicros'  hardware 
architecture  and  soft- 
ware schemes  will  com- 
plement the  host  of 
experiments  and  proj- 
ects making  this  a true  "learn  as  you  go" 
tutorial.  New  sections  on  basic  electronics 
and  basic  programming  have  been  added  for 
less  sophisticated  users,  along  with  10  new 
projects  and  20  new  experiments.The  CD- 
ROM  contains  all  source  code  presented  in 
the  book,  software  tools  designed  by 
Microchip  and  third  party  vendors  for  appli- 
cations, and  the  complete  data  sheets  for 
the  PIC  family  in  PDF  format.  $49.95 


PIC  in  Practice 

A Project-based  Approach 
Second  Edition 
by  David  W.  Smith 
P/C  in  Practice  is  a graded 
course  based  around  the 
practical  use  of  the  PIC 
microcontroller  through 
project  work.  Principles 
are  introduced  gradually, 
through  hands-on 
experience,  enabling 
students  to  develop  their 
understanding  at  their 
own  pace. The  book  can 
be  used  at  a variety  of 
levels  and  the  carefully 
graded  projects  make  it  ideal  for  colleges, 
schools,  and  universities.  Newcomers  to 
the  PIC  will  find  it  a painless  introduction, 
whilst  electronics  hobbyists  will  enjoy  the 
practical  nature  of  this  first  course  in 
microcontrollers.  $29.95 

Robot  Builder's  Bonanza 
Third  Edition 

by  Gordon  McComb/Myke  Predko 

Everybody's  favorite 
amateur  robotics 
book  is  bolder  and 
better  than  ever  — 
and  now  features  the 
field's  "grand  master" 

Myke  Predko  as  the 
new  author!  Author 
duo  McComb  and 
Predko  bring  their 
expertise  to  this  fully- 
illustrated  robotics  "bil 
already  incomparable  content  on  how  to 
build  — and  have  a universe  of  fun  — with 
robots.  Projects  vary  in  complexity  so 
everyone  from  novices  to  advanced  hobby- 
ists will  find  something  of  interest.  Among 
the  many  editions,  this  book  features  30 
completely  new  projects!  $27.95 

Programming  and  Customizing 
the  PICAXE  Microcontroller 

by  David  Lincoln 

This  beginner-friendly 
guide  from  IT  pro  and 
PICAXE  expert,  David 
Lincoln,  shows  you  just 
what  Revolution 
Education's  PICAXE 
can  do  — and  helps 
you  make  it  do  it! 

Packed  with  ready-to- 
build  projects  for  all 
the  flavors  of  PICAXE, 
the  guide  provides  step-by-step  help  that's 
ideal  for  those  just  starting  out  with  micro- 
controllers but  also  takes  more  experi- 
enced programmers  where  they  need  to 
go  fast.  Using  plenty  of  examples, 
Programming  and  Customizing  the  PICAXE 
Microcontroller  clarifies  this  versatile  chip's 
basics  and  coaches  you  through  sophisti- 
cated applications.  $39.95 


ROBOTICS 


The  Official  Robosapien 
Hacker's  Guide 

by  Dave  Prochnow 

The  Robosapien  robot 
was  one  of  the  most 
popular  hobbyist  gifts 
of  the  2004  holiday 
season. The  brief  man- 
ual accompanying  the 
robot  covered  only 
basic  movements  and 
maneuvers  — the 
robot's  real  power 
and  potential  remain 
undiscovered  by  most  owners  — until 
now!  This  is  the  official  Robosapien  guide 
— endorsed  by  WowWee  (the  manufactur- 
er) and  MarkTilden  (the  designer). This 
timely  book  covers  all  the  possible  design 
additions,  programming  possibilities,  and 
"hacks"not  found  anywhere  else.  $24.95 

Mechatronics  for  the  Evil  Genius 

by  Newton 

If  you're  fascinated 
by  electronics  and 
mechanics,  this  hands- 
on  tour  of  the  junction 
where  they  meet  will 
bring  you  hours  of  fun 
and  learning.  Noted 
electronics  author 
Newton  Braga's 
Mechatronics  for  the 
Evil  Genius  guides  you 
step  by  step  through  25  complete,  intriguing, 
yet  inexpensive  projects  developed  espe- 
cially for  this  book. You  will  build  your  own 
mechanical  race  car,  combat  robot,  ionic 
motor,  mechatronic  head,  light  beam  remote 
control,  and  20  other  entertaining  learning 
projects  that  take  you  to  the  heart  of  mecha- 
tronics. Each  experiment  builds  on  those 
before  it  so  you  develop  a hands-on,  practical 
understanding  of  mechatronics.  $24.95 

CNC  Robotics 

by  Geoff  Williams 

Written  by  an 
accomplished  workshop 
bot  designer/builder, 

CNC  Robotics  gives  you 
step-by-step,  illustrated 
directions  for  designing, 
constructing,  and  testing 
a fully  functional  CNC 
robot  that  saves  you 
80%  of  the  price  of  an 
off-the-shelf  bot  — and  can  be  customized 
to  suit  your  purposes  exactly  because  you 
designed  it.  $34.95 


WE  ACCEPT  VISA,  MC,  AMEX, 
and  DISCOVER 

Prices  do  not  include  shipping  and 
may  be  subject  to  change.  Ask  about 
our  10%  subscriber  discount  on 
selected  titles. 
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by  Chuck  Hellebuyck 


=>  As  I write  this,  my  first  "Getting 
Started  with  PICs"  article  has  been  pub- 
lished and  the  email  response  has  been 
outstanding.  Apparently,  a lot  of  people 
like  the  topic  and  want  to  know  more 
about  getting  started  with  PICs.  Being 
able  to  write  these  articles  is  really  a joy 
for  me  because  I have  a real  passion  for 
programming  PICs  and  I learned  a lot  of 
it  the  hard  way  — via  trial  and  error. 

Having  the  chance  to  share  my  knowl- 
edge with  others  is  only  beneficial, 
though,  if  someone  wants  to  read  it. 
The  feedback  email  proves  a lot  of 
people  are  reading.  Feedback  also 
tells  me  what  readers  want  to  see, 
and  I can  form  my  future  articles 
around  that  feedback.  It's  just  a great 
example  of  two-way  communication. 
That's  also  the  topic  of  this  month's 
column  — communication. 

Think  about  it.  A major  portion  of 
your  monthly  bills  are  dedicated  to 
communication  — your  phone  bill 
(both  land  line  and  cell),  your  cableTV 
bill,  your  Internet  bill,  your  magazine 
subscriptions,  books  you  buy,  maybe 
even  a satellite  radio  bill  — they  are  all 
forms  of  communication  we  are 
willing  to  pay  for.  This  month,  I want 
to  address  one  form  of  PIC-to-PC  com- 
munication using  serial  RS232  format, 
and  you  get  this  one  for  free  (exclud- 
ing the  magazine  subscription  fee). 


Before  I received  my  first  computer 
as  a gift  — a Commodore  VIC20  — 
I was  fascinated  with  computer  control. 
Many  years  ago,  I interfaced  a circuit 
built  around  a chip  I found  at 
RadioShack,  which  made  the  VIC20  talk 
via  its  expansion  port.  Nobody  in  my 
family  seemed  to  care  too  much,  but  I 
was  excited  that  I had  figured  out  how 
to  control  external  electronics  from  a 
computer.  There  have  since  been  many 
books  written  on  how  to  use  the  paral- 
lel port  or  serial  port  on  a PC  to  control 
electronics,  and  USB  is  taking  over  as 
the  communication  port  of  choice. 

Despite  the  USB  revolution,  the 
RS232  serial  port  interface  is  still  the 
most  common  method  of  communi- 
cating with  various  off-the-shelf 
modules  found  in  the  pages  of  Nuts  & 
Volts.  You  can  get  RS232  style  serial 
LCDs,  dataloggers,  servo  motor 
controllers,  and  DC  motor  controllers, 
just  to  name  a few.  You  can  also  find 
loads  of  Windows  PC  software  all  over 
the  web  that  will  accept  or  send  ASCII 
data  from  the  serial  port. 

Therefore,  in  my  opinion,  one  of 
the  fundamental  projects  every  PIC 


hobbyist  should  know  is  how  to  com- 
municate between  a PIC  and  a PC  serial 
port.  After  that,  you  can  add  an  RS232 
to  USB  converter  if  you  need  USB. 

GETTING  STARTED 

For  this  article,  I wanted  to  keep  it 
simple  and  demonstrate  how  to  have  a 
PC  user  control  a bank  of  LEDs.  By 
entering  the  number  on  the  PC,  the  user 
can  turn  on  a specific  LED  at  a remote 
location  only  connected  to  the  PC  by  a 
serial  cable.  The  remote  module  will 
have  a PIC  to  handle  the  interface  and 
start  the  communication  by  sending  a 
message  to  the  PC  asking  which  LED  to 
light.  The  PC  user  enters  their  choice, 
hits  the  "enter"  key,  and  the  PIC  circuit 
receives  it  and  then  lights  the  proper 
LED.  It's  simple  two-way  communica- 
tion with  a functional  purpose. 

For  the  software  — once  again  — 
I turn  to  the  PICBasic  Pro  sample 
version  to  handle  the  software.  At  the 
end  of  the  article,  though,  I'll  address 
some  of  the  options  for  going  beyond 
the  sample  version's  limitation  of  31 
commands,  as  some  email  has 
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=>  FIGURE  1. 

The  connection  setup. 

requested.  For  the 
hardware,  the  PIC16F876A 
fits  the  job  perfectly. 

The  PICBasic  Pro 
compiler  offers  two  ways  to 
implement  serial  commu- 
nication: the  SEROUT  and 
SERIN  commands,  which 
are  the  software  implemen- 
tation of  serial  “bit-bang- 
ing” communication,  and 
the  HSERIN  and  HSEROUT 
commands,  which  imple- 
ment the  hardware  serial 
port  on  the  PIC  that  runs  in 
the  background. 

What  I mean  by  back- 
ground is  the  hardware 
serial  port  can  send  and 
receive  serial  data  while 
a main  loop  of  code  is 
also  running  at  the  same  time.  I felt 
this  was  a little  too  advanced  for 
the  beginner,  so  I'll  use  the 
SERIN/SEROUT  here  and  save  the 
hardware  commands  for  another 
application. 

PROJECT  DESCRIPTION 

The  project  I'll  present  here  may 
be  simple,  but  it's  also  a building 
block  for  bigger  projects  in  the  future. 
I'm  going  to  control  a bank  of  eight 
LEDs  from  the  Hyperterminal  termi- 
nal program  found  on  most  PCs 
running  Windows.  The  serial  cable 
will  connect  the  PC's  serial  port  to  an 
RS232  interface  circuit  built  into  the 
remote  PIC/LED  circuit.  The  interface 
circuit  will  adjust  the  signal  voltage 
levels  to  what  the  PIC/PC  need  to  see. 

At  some  point,  I'll  introduce  this 
same  RS232  interface  circuitry  to  pro- 
gram the  PIC  in-circuit  via  bootloader 
mode,  but  for  now,  all  programming 
will  be  done  with  the  EZPIC  serial 
port  programmer. 

Figure  1 shows  what  I'm  trying  to 
describe.  The  PC  connects  to  the 
RS232  circuit  through  a straight-thru 
nine-pin  cable.  The  RS232  circuit  uses 
a standard  MAX232  style  chip  with 
built-in  charge  pump  to  match  the 
0-5V  PIC  signal  and  -12V  to  + 12V  PC 
signal.  The  PIC16F876A  has  the 


standard  PIC  circuit  connections  with 
a 4 MHz  resonator  and  MCLR  pull-up 
resistor.  The  LEDs  are  connected  to 
Port  B and  are  driven  on  with  a high 
signal  from  the  individual  Port  B pins. 

RS232  BASICS 

Serial  communication  can  send 
any  data  you  want  as  long  as  it  comes 
in  the  form  of  bytes.  It  can  take  on 
many  forms,  and  one  is  called  the 
RS232  standard.  In  Figure  2,  I show  a 
typical  RS232  signal  format.  The  first 
pulse  is  low  and  that  is  called  the 
start  bit.  After  that,  eight  bits  are  sent, 
which  is  a byte  of  data.  Following  the 
data  is  a high  bit,  which  is  the  stop  bit 
or  end-of-data  indicator. 

Every  character  a computer  can 
show  has  a numerical  code  associated 
with  it,  and  there  are  256  different  codes 
(the  maximum  amount  for  eight  bits). 
This  just  means  that  there  are  256 
different  characters  that  can  be  sent  as 
a byte  inside  a serial  message.  This 
ASCII  code  table  can 
be  found  with  a sim- 
ple Google  search. 

This  RS232 
signal  format  I 
described  is  known 
as  8N1  or  eight 

=>  FIGURE  2.  RS232 
signal  format. 


data  bits,  no  parity  check,  and  one 
stop  bit.  Later,  we'll  set  up  the 
Hyperterminal  program  to  receive 
8N1  data  at  a speed  of  9600  bits 
per  second. 

Since  the  PC  and  PIC  have  to 
communicate  in  the  same  language 
to  understand  each  other,  the  width  of 
the  pulses  is  critical  to  determine  if  a 
pulse  is  actually  multiple  Is  or  Os, 
or  a single  bit.  Timing  is,  therefore, 
very  important  to  the  success  of 
communication. 

Matching  the  bit  rate  between  the 
PC  and  PIC  confirms  the  PIC  and  PC 
are  talking  the  same  version  of  the 
language.  It's  like  trying  to  watch  an 
American  citizen  speak  with  a British 
citizen.  They  both  speak  English  but 
sometimes  they  need  a little  help 
with  interpretation. 

SOFTWARE 

The  PICBasic  Pro  program  is  shown 
in  Listing  1,  which  is  available  on  the 
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fT  FIGURE  3.  Hardware  setup. 

Nuts  & Volts  website  at  www.nutsvolts.com  Let's  step 
through  it  section  by  section. 

Two  variables  are  created  named  "old”  and  "new.” 
These  will  be  used  to  store  the  LED  number  to  light  and 
which  one  to  turn  off. 

old  var  byte 
new  var  byte 

Next,  the  ports  are  set  up  for  their  proper  input  and 
output  mode.  Remember,  on  a PIC  a "0”  makes  the  pin  an 
output  and  a "1”  makes  the  pin  an  input.  In  this  project, 
Port  C pin  6 is  the  transmit  pin  and  is  made  into  an  output. 
Port  C pin  7 is  the  receive  pin  so  it's  made  an  input.  The 
rest  of  the  port  pins  are  also  made  into  inputs  since  that 
puts  them  in  a safer  high  impedance  mode. 

TrisC  = %10111111 

All  the  LEDs  are  connected  to  Port  B,  so  we  make  these 
outputs.  We  could  actually  skip  these  steps  since  the 
SEROUT  and  SERIN  commands  along  with  the  HIGH  and 
LOW  commands  set  the  proper  mode  automatically,  but  it's 
best  to  learn  this  way  of  controlling  the  PIC  in  your  programs. 

TrisB  = %00000000 

The  main  loop  of  code  starts  with  the  "main”  label. 

■ I The  first  corn- 

'll FIGURE  5.  Connection  setup  window. 


<=  FIGURE  4.  The 
screen  that  sets  up  the 
connection  file  name. 

mand  implemented  is  the 
SEROUT  command  that 
sends  the  statement; 
"Enter  which  LED  to  light 
(0-7):"  out  to  the  PC. 
Anything  within  quotes  in 
the  SEROUT  command 
will  be  sent  as  it's  seen. 

In  other  words,  the 
SEROUT  will  automati- 
cally look  up  the  ASCII 
code  for  each  character  and  send  those  codes  out  serially. 
The  10  and  13  that  follow  are  the  ASCII  number  codes  for 
line  feed  (10)  and  carriage  return  (13).  The  results  of  this 
command  will  be  displayed  on  the  Hyperterminal  screen, 
as  shown  in  Figure  7. 

main 

serout  portc.6,  2,  ["Enter  which  LED  to  light  (0-7)  : ",  10,  13] 

The  SERIN  command  comes  next,  and  it  just  waits  for 
a response  ASCII  code  to  be  sent  from  the  PC  user.  One 
thing  I didn't  point  out  is  the  format.  The  pin  being  used 
for  SERIN  or  SEROUT  follows  the  command  and  then  a 
number  "2”  follows  that.  The  "2”  represents  True  9600  bits 
per  second  in  PICBasic  Pro  language.  If  you  have  the  full 
version  of  PICBasic  Pro,  you  can  also  enter  T9600  instead 
of  "2”  when  you  include  a definition  file  at  the  top  of  the 
program.  But  the  sample  version  doesn't  allow  "includes,” 
so  you  have  to  use  the  raw  "2”  value. 

After  the  "2”  in  the  SERIN  line  is  the  pound  sign  and 
the  variable  "new.”  What  the  pound  sign  does  is  tell  SERIN 
to  receive  the  ASCII  value  and  then  convert  it  into  the  actu- 
al numerical  value  it  represents.  For  example,  the  ASCII 
code  for  the  number  "1”  is  actually  3 1 h.  When  the  PC  user 
chooses  to  light  LED1,  3 1 h is  sent  to  the  SERIN  command 
and  is  then  converted  to  decimal  value  one. 

serin  portc.7,  2,  #new 

Converting  "new”  to  the  numerical  value  "1”  (binary 
00000001)  instead  of  the  ASCII  character  "1” 
(binary  001 10001)  allows  us  to  directly  use  the 
variable  as  the  pin  number  in  the  HIGH  com- 
mand to  drive  the  proper  LED.  Before  we  get  to 
that,  though,  the  program  sends  the  value 
received  back  to  the  PC  as  the  ASCII  value  by 
putting  the  # sign  in  front  of  the  variable.  This 
converts  the  contents  of  the  variable  "new”  to 
the  ASCII  code  for  sending  it,  but  doesn't 
change  the  actual  value  of  the  contents  of  the 
"new”  variable.  This  is  just  a way  to  feedback  to 
the  PC  user  the  PIC  received  the  proper  value. 
You  can  see  that  in  Figure  7,  also. 

^ FIGURE  6.  Shows  the  setup  as  9600  bits  per 
second,  eight  data  bits,  no  parity,  and  one  stop  bit. 
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serout  portc.6,  2,  ["LED  Chosen:  ",  #new,  10,  13] 

The  program  pauses  to  allow  the  PC  to  get  the  data.  I 
just  threw  this  in  as  a precaution  since  some  PCs  can  run  a 
little  slow. 

Pause  100 

Now  the  LEDs  are  controlled  with  simple  HIGH  and 
LOW  commands.  The  previous  LED  value  is  stored  in  the 
variable  "old”  and  the  LED  is  turned  off  with  a LOW  signal 
on  that  pin. 

low  old 

A HIGH  signal  on  the  "new”  LED  value  just  received 
turns  the  selected  LED  on. 

high  new 

The  "old”  variable  is  made  to  match  the  "new”  variable  so 
the  next  time  through,  the  program  will  shut  off  the  lit  LED. 

old  = new 

The  last  step  is  to  jump  to  the  top  of  the  program  at 
the  "main”  label  so  it  can  all  be  done  again. 

goto  main 

HARDWARE 

I cheated  a little  on  the  hardware  setup  shown  in 
Figure  3.  I like  to  build  most  of  my  projects  on  bread- 
boards, so  I developed  a bunch  of  breadboard  modules.  I 
used  three  of  them  here  which  made  the  setup  go  faster. 
You  can  easily  build  the  same  setup 
with  discrete  components. 

The  PIC16F876A  is  plugged  direct- 
ly into  the  breadboard  and  has  the  res- 
onator and  pull-up  resistor  installed 
with  it.  The  RS232  interface  circuit  is 
one  of  the  breadboard  modules  which 
is  shown  connected  to  the  serial  cable. 

The  LEDs  are  another  breadboard 
module  and  the  connection  header 
lines  up  perfectly  with  the  PORT  B pins 
of  the  PIC,  saving  me  jumper  wires. 

The  PIC  gets  its  five-volt  power  from 
the  breadboard  rails  which  are  connect- 
ed to  one  of  my  breadboard  power 
modules.  This  makes  it  easy  to  connect 
an  AC  adapter  to  the  breadboard. 

The  power  module  has  pins  that 
line  up  with  the  breadboard  rails  to 

=>  FIGURE  7.  The  final  working  screen 
showing  the  communication  lines  the 
PIC  sent  out  and  my  response. 


supply  five  volts  and  ground  throughout  the  breadboard.  Both 
the  RS232  and  LED  module  have  pins  that  plug  into  the  power 
rails  so  I save  more  jumpers.  Okay,  it  goes  beyond  being  lazy. 
If  I had  a dollar  for  every  mis-wired  jumper  that  left  me  pulling 
my  hair  out  blaming  my  code,  I could  probably  retire. 

HYPERTERMINAL 

Setting  up  Hyperterminal  for  proper  communication 
takes  a few  steps.  The  first  step  is  to  open  Hyperterminal 
and  you  will  be  asked  to  open  a new  connection.  Actually, 
this  is  the  first  step  in  Windows  98.  If  you  use  XP  or  some 
other  version  of  Window's  Hyperterminal,  you'll  be  asked 
for  a phone  number  and  other  information  before  you  get 
to  the  screen  in  Figure  4.  Just  enter  a bogus  phone  number 
and  follow  through  until  you  get  to  the  screen  shown. 

The  screen  in  Figure  4 sets  up  the  connection  file 
name.  Enter  the  connection  name  you  want  and  click  "OK.” 
Then  the  connection  setup  window  will  pop  up  asking  for 
your  connection  method,  as  shown  in  Figure  5 (you  might 
have  to  go  through  a few  more  bogus  entry  screens).  From 
the  selection  window,  choose  the  serial  port  you  want  to 
connect  to.  In  my  case,  it  was  COME 

Click  "OK”  and  you'll  be  asked  to  choose  your 
connection  format.  Figure  6 shows  the  setup  as  9600  bits 
per  second,  eight  data  bits,  no  parity,  and  one  stop  bit.  You 
also  want  to  make  the  flow  control  selection  "none.”  After 
you  click  on  "OK,”  you're  ready  to  receive  data. 

The  final  working  screen  is  shown  in  Figure  7.  It  shows 
the  communication  lines  the  PIC  has  sent  out  and  shows 
my  response,  as  the  PC  user,  three  different  times.  The  last 
one  chose  to  turn  on  the  fourth  LED,  as  shown  lit  in  the 
hardware  picture  of  Figure  3.  The  best  way  to  start  is  to  get 
everything  connected  and  start  the  Hyperterminal  connec- 
tion. Then  turn  off  the  PIC  circuit  and  back  on  so  the  "Enter 
which  LED  to  light  (0-7):”  shows  up  on  the  terminal  screen. 
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NEXT  STEPS 

You  can  see  communication  from 
PIC-to-PC  and  PC-to-PIC  is  not  that 
difficult  to  accomplish.  In  this  example, 
we  controlled  LEDs  from  the  PC,  but  the 
LEDs  could  easily  be  replaced  with 
transistors  and  relays  so  the  PC  could  be 
controlling  something  more  powerful. 

Eventually,  you  could  add  switch 
inputs  or  sensors  to  the  PIC  circuit 
and  then  read  the  state  of  the 


switches  or  sensors  and  send  the 
results  to  the  PC.  Now,  replace  the 
Hyperterminal  with  a nice  GUI  based 
program  written  in  Visual  Basic  or 
similar  and  you  have  a professional 
looking  PC  control  system. 

MOVING  ON  FROM 
31  COMMANDS 

The  31  command  limit  sample 
version  of  PICBasic  Pro  hasn't 


Instant  online  Quotes 
Tooling  and  set-up  included! 
No  Minimum  Quantity, 

No  drill  Limitations! 

Full  DRC  on  all  orders  + 

Top  Quality  and  on  time 
delivery  Guaranteed! 

(if  its  late,  get  it  free!) 

Price  Example:  16  Sq-lnche^(ds  - pth) 


Standard  PCBPooL  Service 

SIMPLY  SEND  YOUR  FILES  AND  ORDER  ONLINE! 


WWW.PCSPOOl.COM 
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Engineering 


The  technology  builder's  source  for  kits,  components,  supplies,  tools,  books  and  education. 


Robot  Kits  For  All  Skill  Levels 
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Books  and 
Educational  Kits 


BEAM  Kits  and  Components 


ICs,  Transistors,  Project  Kits 

Motors,  Frame  Components 
and  Scratch  Builder  Supplies. 


Order  by  Internet,  phone,  fax  or  mail. 
www.HobbyEngineering.com 

1-866-ROBOT-50 

1-866-762-6850 
1-650-552-9925 
1-650-259-9590  (fax) 
sales@HobbyEngineering.com 
180  El  Camino  Real 
Millbrae,  CA  94030 
Visit  our  store  near  SFO! 


Most  orders  ship  the  day  received!  World-wide  shipping.  Convenient  payment  options. 


slowed  us  down,  but  if  you  want  to 
use  other  PICs  and  larger  programs, 
then  the  PICBasic  Pro  compiler  may 
be  worth  the  investment.  It  retails  for 
$249.95,  but  I sell  it  for  $10  off  to  my 
website  visitors.  I also  sell  a product 
called  the  Atom.  It's  better  known  as 
a BASIC  Stamp  competitor,  but  in 
reality,  it's  the  free-to-download 
Atom  Basic  compiler  and  Atom 
interpreter  chips  that  are  the  stars. 
The  chips  are  either  a PIC16F876A  or 
PIC16F877A  with  a custom  Atom 
bootloader  self-programming  code 
installed. 

The  Atom  modules  are  the  same 
footprint  as  the  BASIC  Stamp 
modules,  but  are  built  around  these 
PIC16F876A  and  877A  PICs.  The  Atom 
Basic  compiler  is  closer  to  the 
PICBasic  Pro  compiler,  giving  you 
access  to  all  the  internal  PIC  features. 
The  only  catch  to  use  the  "free” 
compiler  is  you  have  to  connect  an 
Atom  module  or  Atom  chip  to  your 
PC  serial  port  or  USB  port  (with  Serial 
to  USB  adapter)  to  use  the  compiler, 
so  it's  not  completely  free  in  the  long 
run,  but  definitely  inexpensive.  I have 
those  modules  and  chips,  along  with 
some  of  my  own  Atom  module 
designs,  at  my  website  www.elprod 
ucts.com  and  it's  one  of  my  favorite 
PIC  development  tools. 

I'll  also  talk  more  about  other 
programming  options  in  future 
columns,  including  some  new 
stuff  direct  from  Microchip  and  even- 
tually touch  on  assembly  language 
programming.  I just  wanted  you  to 
know  these  columns  are  taking  you 
further  than  just  31  command  sample 
versions. 

I'm  also  excited  to  announce  I 
released  my  second  book  to  follow  my 
PicBasic  book.  It's  titled  Programming 
the  Basic  Atom  Microcontroller  and 
is  written  about  the  Atom  chips  I 
mentioned  above.  The  book  is  written 
for  the  beginner  to  intermediate  users 
who  may  want  more  than  a monthly 
column  can  deliver.  It  is  also  available 
in  the  Nuts  & Volts  bookstore 
(www.nutsvolts.com).  Lots  of  commu- 
nicating going  on,  so  I hope  you  are 
enjoying  it.  Thanks  for  reading  and,  as 
usual,  email  me  with  your  feedback  to 
chuck@elproducts.com  NV 
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TiLXfi: 


QUALITY  Parts 
FAST  Shipping 
DISCOUNT  Pricing 


CALL,  WRITE,  FAX  or  E-MAIL 
for  a FREE  96  page  catalog. 
Outside  the  U.S.A.  send  $3.00  postage. 
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ULTRABRIGHT  WHITE  LED 
SPECIAL  LOW-LOW  PRICING 

Ultra  bright  white  5mm  dia. 

LED.  Brighter  than  most 
small  incandescent  lamps,  more  efficient,  and 
now  less  expensive,  it's  time  to  start  using 
white  LEDs  for  all  of  the  lighting  projects  that 
used  to  be  the  exclusive  domain  of  incandes- 
cent lamps.  We've  got  a great  deal  on  these 
water-clear  LEDs.  Slightly  less  bright  than  our 
standard  ultra-bright  white  led  (CAT#  LED-75), 
but  still  quite  bright.  They  operate  on  3.0- 
3.5Vdc,  20mA.  15-25  deqree  viewinq  anqle. 
CAT#  LED-121 
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1 00  for  500  each 
500  for  450  each 
1000  for  350  each 


5VDC  3.7AM P SWITCHING 
POWER  SUPPLY 

YHi  Model: 

912-053700-E05. 

Input:  100-240  Vac,1 
47-63  Hz,  40  Va. 

Output:  5V,  3.7A. 

5'  output  cord  with  2.5mm  coax 
power  plug,  center  positive. 

Ferrite  RFI/EMI  filter  on  cord.  Detachable 
two-prong  input  power  cord  included.  UL,  CE. 
CAT#  PS-5372 


each 


NEW  REDUCED  PRICING 
1N914  SWITCHING  DIODE 


We  are  able  to  offer  these  1 N914  diodes  at  a 
great  price  because  we  have  a large  quantity 
on  10,000  piece  reels.  We  will  cut  the  reels  into 
100  piece  units  (100  piece  minimum  order). 

CAT#  1 N914TR 
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500  for  $5.00  • 1 ,000  for  $7.00 
5,000  for  $30.00  • 10,000  for  $40.00 


33"  FLEXIBLE  ACTUATOR 
CABLE 

Actuator  cable  designed  for 
use  in  automotive  application./ 

Similar  to,  but  more  heavy- 
duty  than,  the  brake  or  gear 
shift  cable  on  a bicycle, 
movement  at  one  end  of 
the  cable  produces  move- 
ment over  the  same  distance  at  the  other 
end.  Could  be  used  for  robotics  or  other 
mechanical  control  application.  Stranded 
galvanized  actuator  cable  is  contained 
within  a flexible  steel  flat  wrap  conduit  with 
a vinyl  jacket  and  polyethylene  liner.  Bullet 
cable  ends  prevent  unraveling  and  keep 
the  cable  within  conduit.  Plastic  or  nylon 
press-fit  end  on  one  end  of  cable.  Conduit 
is  33.5"  long  x 0.2"  dia.  Cable  travel,  2.8." 
CAT#  FAC-1 

each 


10  for  $1.25  each 


$1 


7.2V  40M AH  NIMH 
COIN  CELL  PACK 

Varta  #60906. 

Rechargeable.  Use  as  RAM  back- 

up battery  in  some  Dell  computers. 

Consists  of  6 button  cells  in  series.  2.65"  x 
0.48"  x 0.24."  3"  wire  leads  w/  2-conductor 
socket  connector,  1mm  spacing.  dj  JM  yR 
CAT#  NMH-16  h 


3-OUTPUT  24VDC  POWER 
PLATFORM 

Bank  of  three 
24VDC  power 
supplies  in  a 

low-profile  fan-cooled  unit. 

Input:  1 1 5/230 VAC  50/60Hz,  20/1 0A. 
Outputs:  24VDC/  500W,  24VDC/150W, 
24VDC/  150W.  Dimensions:  10.5"  x 7"  x 
1.7".  Three  cooling  fans.  Molex  connectors 
for  input  and  outputs  and  sensing.  Spec 
sheet  available  on  our  web  site.  UL,  CE, 
TUV.  These  are  new  units 
in  original  condition.  Cfcfi  CQQ 
CAT#  PS-01 7 ^ each 


50  MM  PIEZO  ELEMENT 

Murata  7BB-50-1A10 
Larger  than  usual,  50mm  (2”) 
diameter,  piezo  element. 

6”  color-coded  leads. 

CAT#  PE-50 


civ  i 


C0 

10  for  650  each 

each 

300  for  450  each 

SCR  2N5062 

0.8A  1 00V  CAT#  2N5062 

00 


4 for  $^i 


100  for  150  each 
1 000  for  1 00  each 


I 


4-15  VDC  PIEZOELECTRIC  BUZZER 

TDK  # PB2130UP002A.  Soft  to 
medium-loud  high-pitched  tone. 

0.82"  diameter  x 0.63"  high  plastic 
case  with  mounting  ears.  Holes  on 
1"  centers.  PC  pins  on  0.5"  centers.  Resonant 
frequency:  3.3  kHz.  Operating  voltage:  4-15 
Vdc.  Current:  20mA.  Sound  pressure:  75  min. 
dB(A)/1 00cm. 

CAT#  SBZ-213 


135 

100  for  850  ea. 

1 each 

600  for  750  ea. 

1 FARAD  5.5  VOLT  “SUPER  CAP’ 

1 Farad,  5.5  Volts.  High-capacitance, A 
memory  back-up  capacitor.  Slowly 
releases  its  charge  to  provide  back- 
up power  in  temporary  shut-down 
situations.  0.78"  diameter  x 0.30"  thick. 

PC  leads  on  0.2"  centers.  CAT#  CBC-17 

$050 

^ each 


10  for  $3.25  each 
100  for  $2.75  each 


24  X 1 LCD 

Wintek#  WDC2401  P-1  GNNA. 

Module  size: 

4.25"  x 0.79"  x 0.3" 

Display  size: 

3.5"  x 0.4" 

Built-in  driver. 

14  pin  male  header,  pins  on  0.05"  centers. 
Includes  hook-up  diagram. 

CAT#  LCD-111 

| 10  for  $1.50  each  | each 


shop  on-line  www.allelectronics.com 

ORDER  TOLL  FREE  1-800-826-5432 


MAIL  ORDERS  TO: 

ALL  ELECTRONICS  CORP. 

14928  OXNARD  ST.,  VAN  NUYS,  CA  91411-2610 


FAX  (818)  781-2653  • INFO  (818)  904-0524 

E-MAIL  allcorp  ©allcorp. com 


VISA 


NO  MINIMUM  ORDER  • All  Orders  Can  Be  Charged  to  Visa,  Mastercard,  American  Express  or  Discover  • Checks  and  Money  Orders  Accepted  by  Mail  • 
Orders  Delivered  in  the  State  of  California  must  include  California  State  Sales  Tax  • NO  C.O.D  • Shipping  and  Handling  $7.00  for  the  48  Continental  United 
States  - ALL  OTHERS  including  Alaska,  Hawaii,  RR.  and  Canada  Must  Pay  Full  Shipping  • Quantities  Limited  • Prices  Subject  to  change  without  notice. 


MANUFACTURERS  - We  Purchase  EXCESS  INVENTORIES...  Call,  Write,  E-MAIL  or  Fax  YOUR  LIST. 
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■ BY  JAMES  ANTONAKOS 


A GOOD  LISTENER 
REQUIRES  A GOOD  TALKER 

Some  Fun  With  Speech  Synthesis 


"HELLO,  PLEASE  TALK." 

"THIS  IS  SO  SIMPLE,  I CANNOT  BELIEVE  IT. " 

Alright,  those  are  hardly  as  dramatic  as  "Watson,  come  quick!  I need  you!"  but 
they  are  just  as  satisfying  because  they  are  the  third  and  fourth  things  my  new 
speech  board  said  to  me.  To  find  out  what  the  first  two  phrases  were,  read  on. 


As  a beginning  instructor  at  my  col- 
lege (okay,  it  was  1984),  I became 
fascinated  with  computerized  speech.  I 
spent  months  playing  with  the  Votrax 
phoneme  synthesizer  and  the  National 
Semiconductor  DigiTalker.  Imagine  my 
glee  when  one  of  my  recent  students 
told  me  he  had  seen  a new  speech 
synthesizer  called  the  Speakfet. 

I immediately  searched  the 
Internet  for  it,  as  I was  interested  in 
having  my  senior  students  do  a 
speech  project  for  their  capstone 
course.  I found  the  Speakjet  at 
www.speechchips.com  The  Speakfet 
(manufactured  by  Magnevation)  is  an 

■ FIGURE  1.  PhraseAlator  application 
window. The  PhraseAlator  controls 
the  SpeakJet  through  a 2400  baud 
serial  connection  and  can  be  used  to 
play  any  sound  or  combination  of 
sounds  available. 


18-pin  DIP  IC  that  runs  on  five  volts 
and  requires  a minimum  of  parts  to 
produce  speech  (just  a speaker  will 
get  you  started).  Here  are  some  of  the 
Speakjet's  features: 

• Programmable  five-channel 
synthesizer 

• Natural  phonetic  speech  synthesis 
(72  speech  elements  called  allo- 
phones) 

• 12  DTMF  tones  and  43  other  sound 
effects 

• Control  of  pitch,  rate,  bend,  and 
volume 

• Multiple  modes  of  operation 

• Simple  interface  to  microcontrollers 

• Three  programmable  digital  outputs 

• Internal  64  byte  buffer 

• Internal  programmable  EEPROM 

• Extremely  low  power  consumption 

I contacted  Kenneth  Lemieux 
(no  relation  to  the  publishers)  at 
Speechchips.com,  told  him  I 
thought  the  Speaklet  was  interest- 


ing, and  asked  if  I could  have  a loaner 
to  play  with.  He  agreed,  and  a short 
while  later,  I received  his  sample. 
Before  I had  time  to  experiment  with 
the  Speakjet,  Kenneth  sent  me  the 
newest  product  from  Speechchips.com 
— the  TTS256  Text-To-Speech  transla- 
tor. This  28-pin  DIP  IC  uses  a 600-rule 
database  to  convert  an  ASCII  text  string 
into  the  correct  Speaklet  sequence  of 
phonemes/allophones.  This  is  exactly 
what  I was  looking  for.  I was  shocked  at 
how  easy  it  was  to  get  everything  up 
and  running.  Here  is  a brief  timeline  of 
my  activities  once  I opened  the 
Speaklet  sample  mailed  to  me: 

1.  First,  I studied  the  manual  for  the 
Speaklet  Supercarrier  PCB.  It  took 
about  10  minutes  to  familiarize  myself 
with  all  the  jumper  settings.  I looked 
at  the  schematic  of  the  PCB  at  the 
same  time,  which  helped  me  under- 
stand what  the  jumpers  actually  did. 

2.  Next,  I spent  another  10  minutes 
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LET'S  GET  TECHNICAL 


wire  wrapping  power,  ground,  and 
speaker  wires  to  the  PCB.  I set  my  DC 
power  supply  to  eight  volts  (there  is 
an  on-board  7805  regulator  on  the 
PCB  to  make  +5  volts)  and  connected 
the  power  lead.  The  speaker  instantly 
said  “Ready.”  Wow!  What  a nice 
indication  that  the  PCB  is  working. 
This,  by  the  way,  was  the  first  thing 
the  Speakfet  said  to  me. 

3.  Next,  I installed  the  PhraseAlator 
application,  which  allows  you  to  con- 
trol the  Speakfet  via  a serial  connec- 
tion. Figure  1 shows  the  application 
window.  Clicking  on  a sound  icon  — 
such  as  any  of  the  Robot  sounds  R0 
through  R9  — instantly  plays  the 
sound  sample  (allophone)  on  the 
Speakfet.  All  allophones  required  to 
synthesize  human  speech  are  available 
in  the  PhraseAlator,  plus  many  other 
useful  sounds,  such  as  the  Touch  Tone 
and  Musical  sounds.  The  PhraseAlator 
controls  the  Speakfet  via  a serial  cable 
from  the  PC's  COM  port,  operating  at 
2400  baud.  The  PhraseAlator  requires 
the  registered  file  MSCOMM32.0CX  to 
operate.  Simply  place  a copy  of  the  file 
in  the  \windows\system  folder  and 
then  run  the  REGSVR32  application  to 
register  the  file,  as  in: 

regsvr32  \windows\system\mscomm 
32. ocx 

The  PhraseAlator,  Speakjet 
manual,  and  MSC0MM32.0CX  are  all 
available  via  download. 

4.  After  playing  with  the  PhraseAlator 
for  several  minutes,  listening  to  all 
the  different  sounds  (these  sounds 
are  the  second  'thing'  the  Speakjet 
said  to  me),  I then  interfaced  the 
Speakjet  PCB  with  the  28-pin  TTS256 
Text-To-Speech  translator 
designed  specifically  for  the 
Speakjet.  You  just  send  an 
ASCII  text  string  to  the 
TTS256,  such  as  "Hello, 
please  talk,”  and  the  TTS256 
does  all  the  work  of  control- 
ling the  Speakjet  to  make  the 
required  words  come  alive. 

The  ASCII  text  string  is 
sent  to  the  TTS256  in  serial 
form  also,  at  a speed  of  9600 


■ FIGURE  2.  Here  is 
the  setup  on  my 
workbench  that 
interfaces  the  Z8 
Encore!  XP  develop- 
ment board  to  the 
Speakjet  andTTS256. 

The  Speakjet  super- 
carrier PCB  is  at  the 
top  to  the  right  of  the 
speaker.  TheTTS256 
is  plugged  into  the 
large  protoboard. 

baud.  Figure  2 
shows  the  results  of 
my  breadboarding. 

The  TTS256  (like  the  Speakjet)  requires 
a TTL  serial  waveform  (eight  data  bits, 
no  parity,  one  stop  bit,  abbreviated 
as  8N1).  An  IC  on  the  Speakfet 
supercarrier  PCB  (the  eight-pin  DS275) 
converts  from  RS232  levels  to  TTL. 

By  carefully  tapping  into  signals 
available  on  the  PCB,  and  by  setting 
the  jumpers  appropriately,  I was  able 
to  use  the  DS275  to  drive  the  TTL 
signals  on  the  TTS256.  The  TTS256,  in 
turn,  controls  the  Speakfet  with 
its  own  TTL  serial  connection,  as 
illustrated  in  Figure  3. 

5.  Before  connecting  the  Z8  Encore! 
XP  as  the  host  controller,  I used  my 
PC  and  ran  HyperTerminal  to  commu- 
nicate with  the  TTS256.  I configured 
HyperTerminal  for  9600  baud  and 
8N1,  established  a connection,  typed 
in  the  phrase  "Hello,  please  talk,”  and 
pressed  Enter.  The  words  "Hello 
please  talk”  played  out  on  the  speak- 
er. I was  so  pleased,  I entered  a sec- 
ond phrase  and  heard  "This  is  so  sim- 
ple I cannot  believe  it”  come  out  next. 

6.  Now  the  challenge  was  to  get  the 
Z8  Encore!  XP  to  make  the  TTS256- 
Speakjet  system  say  something  use- 


ful. I searched  ZiLOG's  application 
notes  for  the  XP  development  board, 
and  eventually  found  AN0191.PDF, 
titled  'Reading  Temperature  Using  the 
Z8  Encore!  XP  MCUs.' 

A companion  ZIP  file,  AN0191- 
SC01.ZIP,  contained  the  compiler 
project  files  for  the  temperature 
application.  This  is  where  I spent  the 
most  time,  learning  how  the  applica- 
tion worked  and  then  modifying  it  to 
send  the  proper  ASCII  strings  to  the 
TTS256.  Part  of  this  effort  required  a 
change  from  ZiLOG's  standard  38,400 
baud  rate  to  the  slower  9600  baud 
used  by  the  TTS256.  I also  had  to  set 
the  Flow  Control  parameter  to  None 
in  the  COM  port  properties. 

In  addition,  I had  to  add  enough 
of  a pause  between  messages  to  allow 
the  Speakjet  to  do  its  talking.  Sending 
the  messages  too  fast  resulted  in 
dropped  words,  as  well  as  portions  of 
words  pronounced  incorrectly.  I spun 
my  wheels  for  a while  trying  to  get  the 
wrong  project  working  (it  was  not 
designed  for  the  XP)  and  looking  at 

■ FIGURE  3.  Simplified  diagram 
showing  the  connections  between  the 
host  controller  (the  Z8  Encore!  XP),  the 
TTS256,  and  the  Speakjet. 
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Name 


Title 


Description 


Bob  Dempsey 

Display  Interface 

Control  a HD44780-type  LCD. 

Frank  Derryberry 

Two-Channel  Serial 
Thermocouple  Interface  for 
a PC-based  Data  Logger 

Read  (2)  K-type  thermocouples  and 
communicate  their  values  to  a PC 
using  its  serial  communication  port. 

Ken  Fallot 

Power  Monitoring  Subsystem 

Real-time  acquisition  and  monitor- 
ing of  multiple  power  circuits. 

Tim  Gilmore 

911  Fire  Alarm  Box  Addressing 

Map  of  hundreds  of  fire  alarm 
boxes  to  a real-time  LED  map,  with 
alphanumeric  LCD  status  readout. 

John  Havel 

Closed-Loop  Barn  Technology 

Cows  are  kept  safe  and  happy  with 
their  environment  electronically 
controlled. 

Bob  Hyland 

Automatic  Cat  Feeder 

Ring  a bell  to  signal  feeding  time 
and  control  the  food  mechanism. 

Steven  Janigian 

AutomaticTicketer  for  Speeders 

Combine  a radar  gun,  digital 
camera,  and  ticket  printer,  and 
make  the  roads  safe  again. 

Kenneth  Tindle 

X10  Controlled  Zoned  Audio 

Use  off-the-shelf  technologies 
in  a system  to  provide  zoned  whole 
house  stereo  audio  at  low  cost. 

Steve  Woodruff 

Automotive  Status  Monitor 

Talk  to  the  CAN  bus  interface  in  a 
Toyota  Prius  Hybrid  car. 

Dan  Youngs 

Automated  Light  Control 

Control  all  navigation  lights  in  a 
commercial  bus. 

■ TABLE  1.  Z8  Encore!  XP  design  contest  proposal  summary. 

REFERENCE 

To  obtain  your  own 
SpeakJet  1C,  Supercarrier 
board,  or  TTS256  chip, 
visit  www.speechchips. 
com  For  a special  Nuts 
& Volts  reader  discount, 
use  the  following 

discount  code:  NV10. 

This  discount  code 

provides  a 10%  discount 
for  orders  over  $10. 

Contact  Information: 

PO  Box  7436 
Portland,  ME  04112 
Voice  and  FAX: 

(928)  569-4997 


the  wrong  documentation 
(it  was  not  for  the  4K 
board). 

7.  When  I finally  heard  the 
words  “The  temperature  is 
71  degrees”  come  from  the 
speaker,  I had  reached  my 


PicoScope  3000  Series 
PC  Oscilloscopes 


The  PicoScope  3000  series  oscilloscopes  are  the  latest 
offerings  from  the  market  leader  in  PC  oscilloscopes 
combining  high  bandwidths  with  large  buffer  memories. 
Using  the  latest  advances  in  electronics,  the 
oscilloscopes  connect  to  the  USB  port  of  any  modern  PC, 
making  full  use  of  the  PCs'  processing  capabilities, 
large  screens  and  familiar  graphical  user  interfaces. 

• High  performance:  lOGS/s  sampling  rate 
& 200MHz  bandwidth 

• 1MB  buffer  memory 

• High  speed  USB  2.0  interface 

• Advanced  display  & trigger  modes 

• Compact  & portable 

• Supplied  with  PicoScope  & PicoLog  software 


www.  picotech  .com/scope335 


PicoScope 


Sampling  rote  Irepetitivel 
Sampling  rata  Itangla  oboe) 
Channels 

Oscilloscope  time  bases 
Timebasc  accuracy 


3204 

SOM  Hz 

a.sGSn 

SOM  S o 

2+ Eat  trigger 

Sn s drw  to  SOotliv 

sop  pm 

Oto  25MHz 
256  KB 


3209 

lOOMHz 

SGS/o 

lOOMSs 


3206 

200MHz 

lOGSto 

200M&O 


Resolution  I accuracy 


PC  Connection 


2 + Eat  trigger  Sig  gen  2 + Ext  triggerSig  g 
2ns 'dtv  to  SOaMiv  Inn  div  to  50oi<d(w 

50ppm  SOppm 

O to  50MHz  O to  lOOMHz 

512KB  1MB 

8 bits  / 340 
SlOOmV  to  - 20V 
USB2.0  IUS81.1  comp  at.  bio  I 


Technology  Limited 
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interfacing  and  application  goal.  The 
total  time  for  my  effort  was  under  two 
hours. 

The  fact  that  I went  from  a collec- 
tion of  devices  to  a working  system 
in  such  a short  time  is  a tribute  to 
the  easy-to-grasp  design  of  the 
Supercarrier  board,  the  simplicity  of 
the  TTS256  chip  (only  four  signals, 
plus  power  and  ground,  are  required), 
the  ability  to  use  serial  I/O  in  all 
devices,  and  my  own  past  experience 
with  ZiLOG  tools  and  hardware. 


DESIGN  CONTEST 
WINNERS 


Now  that  you  have  seen  what  I 
did  with  my  Z8  Encore!  XP  develop- 
ment board,  take  a look  at  what 
others  are  planning  on  doing.  The 
following  readers  responded  to  my 
November  2005  column's  offer  of  a 
free  Z8  Encore!  XP  development  kit 
by  submitting  detailed  proposals 
describing  their  intended  application. 
Table  1 lists  the  individuals  and  brief 
descriptions  of  their  proposals. 

It  will  be  interesting  to  see  these 
projects  become  actual  working 
circuits.  I wish  all  the  winners  the  best 
of  luck  and  hope  their  interfacing 
goes  smoothly. 

While  I chose  to  use  my  Z8 
Encore!  XP  development  board  to 
control  the  TTS256  and  Speakjet,  the 
BASIC  Stamp,  PIC,  or  any  other  micro- 
controller with  serial  I/O  will  also  do 
the  job.  The  features  packed  into  the 
TTS256  and  Speakjet  should  keep  the 
most  dedicated  hobbyist  busy.  NV 
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James  Antonakos  is  a Professor  in  the 
Departments  of  Electrical  Engineering 
Technology  and  Computer  Studies 
at  Broome  Community  College , with 
over  29  years  of  experience  designing 
digital  and  analog  circuitry  and 
developing  software . He  is  also  the 
author  of  numerous  textbooks  on 
microprocessors , programming , and 
microcomputer  systems.  You  may 
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1 ”\  "1  year  vrarranly  on  parts  atnJ  tat»or 

TEST0TOOLS  '15-day  money  bock  guaraniee 

www.TESTnTOOLS.com 

4-Axis  Robotic  Arm  Control 

* Build  a robot  from  Scratch 

4 servo  motors 
Graphic  control  software 
Real  time  on-line  control 
Orig.  £295 


DM-4061 A $89.95 

» tl.5-250  MHz) 

Q J Modulstion/ZKHz  sine  wave 
Crystal  Oscillator  1-1 5 MHz: 

Oscilloscopes 

OS-4501 0 (10MHz)  $159,95 
OS -4 50 20  {20MHz)  $245 
OS-22250  (25MHz)  $315 
► OS -4 50 40  (40MHz)  $395 

os -2 24 00  (40MHz)  $489.95 

\ - 1 OS -2 26 00  (60MHz)  $879 

OS-221 000 (100MHz)  $849,95 

Oscilloscope  Probes 

H P-9060 

Orig.  $15  EEBEI 

HP-9100  (100  MHz)  $20 
L/  HP-9250  (250MHz)  $29 

_ . HP-9258  (250  MHz)  $39 

Tool  Kits 

IC  Extraction/  insertion  Kit 
TKC4CS-08  $15.99 
23 -pc  Computer  Tool  Kit 
TKC-23  $34,99 


I1U  kk'i 


Breadboards  & Jumper  Wires 

BB -344020  (840  Lie  pis)  $3.50 

0 88-344040  (16B0  tie  pts)  $13,95 
BB-34  4 0 6 0 ( 2420  be  pis.  4 B P.j 

Orig.  $17.50 

BB -344080  (326Q1ie  pts.  4 B P ) 

Orig,  $23,85 
Jumper  Wires 
JW-277GB  (140  pcs)  $3.75 
JW-2760B  (350  pcs)  S8.25 

Powered  Breadboard 


Sale  $65.00 


Grig,  539,95 

x Triple  output  power  supply 

(+5V  @1A.  +/-  lev  @3 00mA  ) 
Breadboard  2420  tie  points 
Overload  short  circuit  prelection 
Power  Switch  with  light 

High  Quality  Soldering  Tools 

Soldering  stations  start  from  $27 
Soldering/  Desoldering  station 
[^SDS-31916  Orig.  $295 

yOesoldering  iron  $9.95 
* replacement  tips  in  stock 
Soldering  pot  $19,95 
Tin  pumps  start  from  $4.00 


a 


Sale  $250 


IC  Testers  & EPROM  Programmers 

DIC-17001  (Digital  1C  Tester)  $179.95 
LIC-17002  [Linear  1C  Tester)  $579.95 
EOP-17003  (EPROM  Writer)  $249.95 
E RE-17121  A (EPROM  Eraser)  $74.95 
UDP-1701Q  (ROM  Writer ) $575.00 

t>r°fnotjon  ratBB  end  after  ifS"^006 


1352  S.  Grove  Ave, 
Ontario,  CA917G1 


Tel:  (90S)  947-SQSQ 
Fax'  (909)  947-8802 
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TEST  DISC 


• Over  40,000 
Products 
Stocked 

• Access  to  over 
1.5  million 
electronic  parts 
and  related 
products 

• Installer/Dealer 
pricing  program 

• Quotation  team, 
send  us  your 
quotes  for  quick 

■u  response 


1-800-543-4330 

. 

www.mcminone.com/ magazine 
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Amazing  Devices' 


www.amazingl  .com 


Laser  Modules 

All  laser  modules  operate  from  3 volts  and  include  built  in  optics 
providing  a parallel  beam  of  Imrorless.  Includes  instructions  on 
safety  requirements  for  FDA  full  compliance 

Red -Class  Ilia 

LM650P3 -3mw 650 nm  12x45 mm  $14.95 

LM650P5  -5mw650nm  12x45  mm $24.95 

LM630P3  -3mw630nm  10.5x45 mm  ....  $34.95 
Red- Class lllb  * , 

LM650P10  -10mw650nm  12x51  mm  ...  $99.95 
LM650P30  -30mw650nm  12x51  mm  . $249.95  ” 

Green -Class  Ilia 

LM532P5 - 5mw  532  nm  12X45  mm  $49.95 

Infrared -Class  lllb  jSL 

LM980P30  - 30mw  980  nm  1 2X30  mm $49.95 

Laser  Diode  Visible  Red  - Class  lllb 
LD630-P10-10mw635nm5mmdiode ....  $29.95  • 

High  Voltage  Capacitors 

Ceramic  capacitors  for  voltage  multipliers,  etc.  > . 

22/6KV  -22 pfd 6kv.28”x.17”  $.35 

50/6  KV  - 50  pfd  6kv  .325”  x .1 8” $.45 

1 00/6KV  - 1 00  pfd  6kv  .46”  x . 1 7” $.65  / / 

200/3KV  - 200  pfd  3kv.3”  x .25” $.45 

270/3KV  - 270  pfd  3kv  ,3”d  x .25” $.45 

470/10KV  -470  pfd  10kv.35”d x.25” $.75 

1 000/20 KV  -1000 pfd 20kv  ,5”dx.37” $2.25 

.01/2KV  - .01  mfd 2kv  ,63”x.13” $.50 

Energy  Storage  Capacitors 

Electro-kinetics, wire  exploding,  can  crushing,  emp,  etc^ 

25M/5KV - 25 mfd  5 kv  312J  10x4x3can $100.00  f f 

32M/4.5KV-  32  mfd  4.5  kv  324J  9x4x2 can  ...  $170.00 
10002M/2KV- 1000  mfd  2 kv  2K  J 4x8x7 can  $299.00 
1 .3M/1 00KV  - 1 .3  mfd  1 00  kv  6500J  case $750.00 

High  Voltage  Transformers 

Includes  circuit  schematics  on  how  to  use.  , 

28K089-7kv10ma30khz9-14v1”cube.  $19.95  T” 
28K074-4kv15ma30khz9-14v1”cube  . $17.95  ' 
28K077-2kv10ma30khz7-9v .7x1.25  ....$9.95  -A*  '^9-" 

CD25B-20  kvtrigger  pulse  1 x 1.25 $16.95 

CD45-40kvtriggerpulse1.25x1.25  ....  $18.95 jlf 

TRAN 1 035  - 1 0 kv35  ma  bal  output $39.95 

FLYLABURN  - 1 0 kv60  ma  end  grd $49.95  . 

FLYEXP -4  misc flybacks  $2495  ® 

FLYHP -High powerlarge flyback $34.95  *19* 

High  Volt/Freq  Modules  ^ 

1 2 vdc  with  instructions  on  how  to  use. 

MINIMAXI  -1kv15ma  35  khz $17.95 

MINIMAX2  -2kv10  ma  50  khz $17.95 

MINIMAX3  -3kv10ma 35 khz $19.95 

M IN  IM  AX7  - 7kv  1 0 ma  35  khz $34.95 

SS01 S - 1 to  7kvac  for  ozone $24.95 

GRADRIV10  -7.5kv15ma35khzadj  ....$79.50  i ^9 
PVM300 -20kv25ma  115vacinput $179.95 

High  Volt  DC  Modules^  * 

1 2 vdc  with  instructions  on  how  to  use. 

PBK40  - 1 0 kv  1 0Oua  9 vdc  in  $34.95  m 

CHARGE1 0 - 1 0kv  2.5  ma $59.95 

SHK10  - 2kv  1 0 ma  shocker $39.95 

TRIG10 -20  kvtrigger/shock  pulses $54.95  ** 

SS01 6S  - +20kv  1 0Oua $29.95 

SS010S  - -20kv for neg  ions $24.95 

Parts  for  Tesla  Coils 

Includes  plans  for  two  of  our  coils.  Parallel  for  60&120ma. 

4KV/.03-4kv30ma60hzfloating  output $59.95 

6.KV/.02  -6.5kv20ma60hzfloatoutput  $59.95  \J 

9KV/.03-9kv30ma60hzmidgrd  output  $79.95 

12KV/.03-12kv30ma60hzmidgnd output ....  $109.95  , , 

1 5KV/.03 - 1 5kv30m a60hz midgid output ....  $139.95 

14.4KV/.5A  - 14.4kv.5amp  pole  pig $699.95 

Spark  Gaps  and  Electrodes 
SPARK1  - Fan  cooled  dual  gap  3/8”  tungsten  $149.95 

SPARK05 -Single  gap  1/4”  tungsten $49.95 

TUNG141 B - 1 /4”  xl  ” pair  electrodes  with  holders  tungsten  $14.95 
TUNG38-3/8”x2”pairelectrodeswithholderstungsten  ....  $59.95 
Toroidal  Terminals 

T08 -8x2”  Spun  Aluminum  Toroid  ....  $59.95 
T012-12x3”  Spun  Aluminum  Toroid  . $79.95 
T024  -24x6”  Spun  Aluminum  Toroid  $399.95  - 
TO30  -30x7”’  Spun  Aluminum  Toroid$525.95 

( See  website  for  more  data  on  above  items  "s\ 

y Minimum  order  is  $25.00.  Volume  pricing  available  J 

Information  Unlimited,  Box  716,  Amherst,  NH  03031  USA 
Orders:  800-221-1705  Info:  603-  673-6493  Fax:  603-672-5406 
l Email:  riannini@metro2000.net  > 
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As  Low  As  $5.80 


Connectors  & Adapters 
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As  Low  As  $0.40  \ 


100’ s of  Kit  Projects 
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PIC  Programmer 
& Experiment 
Board  $39.99 


Test  Equipment 

Multimeter,  Power  Supply, 
and  Soldering  Iron  ( 3-in-l ) 


LABIU 

Only  $139.95 


Free  with  orders  i dvmssobl 
over  $100.00 
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Affordable  Prototyping  Products 


Toll  Free^~\ 
1-800-957-6867/ 

15  Day  Money  Back  Guarantee 

DesignNotes.com,  Inc 

82  Walker  Lane,  Suite  100  • Newtown,  PA  18940 


What  is  a Magnetic 
Amplifier? 

Between  the  vacuum  tube  and  the 
transistor  came  another  electronic 
control  technology,  now  all  but  lost. 
Engineers  of  the  1950rs  believed  the 
simple  and  rugged  magnetic  amplifier 
would  replace  the  fragile  vacuum 
tube  in  all  of  its  functions.  A mag  amp 
is  so  simple  you  can  build  the  device 
yourself.  Invented  in  the  US,  the  mag 
amp  was  perfected  by  Nazi  engineers 
for  V2  rocket  robotics.  A mag  amp 
can  handle  power  levels  that  would 
destroy  any  tube  or  transistor.  It  is 
EMP-proof  Get  the  only  literature  on 
the  mag  amp  now  available: 

Magnetic  Amplifiers 
another  lost  technology 

by  the  U.S,  Navy  (1951) 

43  illustrations. 

Written  by  Navy  engineers  who  were 
passionate  boosters  of  the  mag  amp, 
this  old  tech  manual  has  been  edited, 
totally  reset,  and  redesigned  by  Tesla 
technology  author,  George  Trinkaus, 
(See  his  mag-amp  feature  in  Nuts  & 
Volts,  February,  2006.) 

$8.00 

booklet,  postage  included 

Magnetic  Amplifier 
Bibliography 

a supplement  to  the  above 
Over  five  hundred  citations  of  mag-amp 
related  patents,  scientific  and  technical 
articles,  military  documents,  from  624 
BC  to  1951.  A fascinating  browse  and 
a must  for  research. 

$8.00 

booklet,  postage  included 

get  both  for  $15.00 

postage  included 

(877)263-1 21 5 
tesla@tesfapressxom 

check,  cash,  or  PayPal 
(sorry,  no  credit  cards 

High  Voltage  Press,  P.CX  Box  1525, 
Portland,  OR  97207,  publisher  of 
Tesla  Coil,  Son  of  Testa  Co//,  Testa ; 
the  Lost  inventions , Radio  Testa,  and 
Testa:  The  True  Wireless  by  George 
Trinkaus.  Get  the  complete  set  of  7 
Tesla  and  Mag  Amp  titles  for  only 
$44,  postage  included. 

teslapress.com 

amazon.com 
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I’m  not  joking  !!! 

Only  $50  for » 

* 2L  Prototyping  start  at  only  $50 

* Price  of  2L  down  to  $0.13  per 
square  inch  at  small  qty 

* All  with  solder  mask/silkscreen 

* 7 days  delivery,  fast  turn  available 

* Instant  quote,  no  hidden  prices 

* Free  professional  checking 

* All  boards  are  UL  proved 

5PCS,2L,4.B”X3.2” 


«lt’s  true  III 

Your  PCBs  are  made  in 
a factory  equipped  with 
these  machines!!! 

* capability  up  to  40  layers 

:i~pr 

blind  & buried  vias 
More:  various  materials 

* E-testing  provided  * ^9^  Tg,  impedance  control 

* Free  re-fab  for  E-tested  faulty  boards 

* Free  gifts  (battery,  bread  board,  multimeter,  solar  battery...) 
for  every  new  customer 


RF  Modules 


ffltABACOM 

' Technologies 


Tel:  +1(416)236  3358 
Fax:  +1(416)236  8866 

a bacon  @aba  com-tec  h.com 


Our  latest  product,  shown  above,  is  the  PIC  AXE  Experimenter’s  kit;  but  we  have 
gone  one  step  further!  With  the  board,  we  provide  a powerful 
PIC  AXE-2  8 chip,  a comprehensive  project  manual,  and  all 
the  parts  to  build  most  of  the  projects  in  the  manual.  Tiy  it! 

World  Educatkm&l 

Visit  us  at  www.picaxe-usa.com 
For  further  info,  please  call  877-437-7080 
or  email  us  at  mascl@usa.net 


We  proudly  announce  our  appointment  as  distributors  of 
PICAXE  products  in  the  US.  We  carry  a full  stock  of  almost 
all  the  PICAXE  products,  from  chips  to  prototype  boards. 

The  PICAXE  is  the  best  learning  tool  for  the  beginner  in 
microcontrollers,  as  well  as  for  the  seasoned  hobbyist 
and  design  engineer.  The  PICAXE  line  of  products  is  in 
EVERY  school  in  the  U.K.  and  other  countries  of  the  world. 
We  carry  a full  line  of  boards,  as  well  as  chips  and  peripherals. 


The  PICAXE  is  no  longer  the 
best-kept  secret  in  the  US! 
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■ BY  L.  PAUL  VERHA6E 


A MARTIAN  NEAR  SPACE  LAUNCH 


BALLOONS  ARE  POTENTIALLY  THE  BEST  way  to  study  large  areas  of  Mars. 
They  can  travel  across  the  Martian  surface 
faster  than  rovers  and  they  won't  be  stopped 
by  every  boulder  or  canyon  that  gets  in  the 
way.  Also,  since  balloons  are  closer  to  the 
Martian  surface  than  satellites,  their 
cameras  resolve  far  smaller  surface  features. 

With  this  in  mind,  let's  look  at  what  it  would 
take  to  launch  a near  spacecraft  on  Mars. 

Later,  we'll  briefly  look  at  launching  a near 
spacecraft  on  Titan. 


Mars  Pathfinder  Surface  Weather  Report 

7:57  PM  PDT  August  17,  1997 
14:58  Local  MarsTime 
Pressure:  6.68  mb 

Temperature:  +3  degrees  Fahrenheit 
Wind:  Light,  from  the  west 

mpfwww.jpl.nasa.gov/MPF/science/ 

weather.html 


I'll  address  three  factors  in  this 
month's  column.  The  first  is  the 
surface  winds  and  their  effect  on  fill- 
ing and  launching  a weather  balloon. 
The  second  factor  is  how  the  atmos- 
pheric composition  and  pressure 
on  the  surface  will  affect  the  initial 
volume  of  a weather  balloon.  The  last 
factor  is  how  atmospheric  pressure 
changes  with  altitude.  This  factor  is 
important  because  it  determines  the 
maximum  altitude  that  a weather 


balloon  will  reach  before  bursting. 


FILLING  A WEATHER 
BALLOON  ON  MARS 

Refer  to  the  weather  report  above. 
When  a near  space  group  fills  a weath- 
er balloon,  they  prefer  a surface  wind 
of  zero  knots.  Since  a balloon  acts  like 
a kite  sail,  it  blows  around  even  in  the 
slightest  wind.  A balloon  can  success- 
fully be  filled  in  winds  of  a few  knots  (a 
knot  is  equal  to  1.15  miles  per  hour), 
but  the  measurement  of  the  balloon's 
lift  is  less  accurate.  This  reduction  in 
accuracy  is  a minor  problem,  but  it 
does  result  in  a less  predictable 
ascent  speed  and  maximum  altitude 
for  the  balloon.  Wind  speeds  greater 
than  10  knots  will  make  filling  a bal- 
loon nearly  impossible  and  possibly 
dangerous.  If  the  balloon  doesn't 
bounce  around  and  burst  during  the 

■ FIGURE  1.  Open  house  at  the  National 
Weather  Service.  It's  surprising  how 
many  people  will  line  up  to  look  inside 
a balloon  filling  shed.  And  I ought  to 
know,  I was  one  of  them. 


filling,  then  it  will  yank  the  balloon 
crew  around  and  possibly  give  some- 
one a string  burn  as  a result. 

One  benefit  of  filling  a balloon  on 
Mars  is  that  the  air  pressure  is  much 
lower  than  it  is  on  Earth.  This  is 
because  the  wind  creates  a force  that 
scales  by  the  square  root  of  the  air 
pressure.  This  means  if  the  air  pressure 
is  reduced  by  75%  to  only  one  quarter 
its  original  pressure,  then  the  wind 
feels  like  it's  only  blowing  half  (the 
square  root  of  one  quarter)  as  fast. 

Average  air  pressure  on  the  surface 
of  Mars  is  just  under  seven  millibars 
(mb).  On  Earth  at  sea  level,  the  average 
air  pressure  is  1,013  mb.  Therefore, 
Mars  has  an  atmospheric  pressure  that 
is  0.7%  that  of  Earth.  So  winds  on  Mars 
feel  like  they're  only  blowing  1/1 2th  as 
fast  as  they  do  on  Earth.  Satellite 
measurements  indicate  that  the 
strongest  winds  on  Mars  are  between 
67  to  111  mph.  This  means  the  maxi- 
mum winds  on  Mars  only  feel  like  they 
are  blowing  at  between  5.6  to  9.3  mph. 

Wind  speeds  in  the  range  of  100 
mph  and  higher  will  create  dust  storms 
on  Mars.  During  a dust  storm,  visibili- 
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NEAR  SPACE 


ties  can  drop  to  only  a few  meters  and 
the  dirt  will  sandblast  astronaut's 
visors.  So  to  safely  launch  a balloon 
during  a dust  storm,  astronauts  will 
have  to  fill  the  balloon  inside  of  a 
structure,  like  a shed.  After  they  finish 
filling  the  balloon,  they'll  carry  it 
outside  and  release  it.  This  is  the  same 
way  the  National  Weather  Service  fills 
and  launches  their  radiosondes. 

The  Mars  Pathfinder,  which 
landed  on  Mars  in  (uly  1997,  carried  a 
set  of  wind  socks  on  its  ASI/MET 
mast.  Pathfinder's  windsock  data 
indicated  that  the  Martian  winds  are 
at  their  strongest  from  morning  to 
noon  and  weakest  in  the  late 
afternoon  and  early  evening. 

So  it  appears  astronauts  can  fill 
and  launch  weather  balloons  on  Mars. 
It  will  be  easier  if  they  wait  until  after 
noon  local  time  to  fill  the  balloon.  But 
if  they  want  to  launch  during  a dust 
storm,  they'll  need  to  use  a filling  shed. 


THE  COMPOSITION 
OF  THE  MARTIAN 
ATMOSPHERE 

Let's  assume  our  astronauts  want 
to  launch  a four  pound  (1,816  grams) 
payload  and  6.6  pound  (3,000  grams) 
weather  balloon.  Mars  has  a surface 
gravity  that's  38%  of  Earth's  gravity. 
Therefore,  on  Mars,  the  payload  will 
only  weigh  1.5  pounds  and  the  balloon 
2.5  pounds.  For  our  weather  balloon  to 
launch  this  payload,  it  must  contain 
enough  helium  to  displace  at  least  four 
pounds  of  Martian  atmosphere  (the 


weight  of  the  payload  and  balloon). 

Because  gravity  affects  the  weight 
of  air  and  the  payload  alike,  we  won't 
calculate  weights  on  Mars,  but  just 
use  mass.  So  in  this  case,  the  balloon 
must  displace  an  atmospheric  mass 
of  at  least  4,812  grams  before  the 
balloon  can  begin  lifting  the  payload. 

An  Avogadro's  number  of  gas  mol- 
ecules at  standard  temperature  and 
pressure  (STP)  occupies  a volume  of 

22.4  liters  and  has  a mass  that  is  equal 
to  the  gas'  atomic  weight.  Did  you  get 
all  of  that?  I guess  I should  explain  a 
few  things  about  that  sentence. 

Avogadro's  number  is  6.022  x 1023 
and  it's  the  number  of  molecules  in  one 
mole  of  any  chemical.  One  mole  of  a 
chemical  is  an  amount  of  that  chemical 
that  has  a weight  in  grams  that's  equal 
to  its  atomic  mass.  So  one  mole  of 
hydrogen  gas  weighs  two  grams,  occu- 
pies a volume  of  22.4  liters  at  STP,  and 
contains  6.022  x 1023  molecules 
(remember  that  hydrogen  gas  is  diatom- 
ic, or  contains  two  hydrogen  atoms). 

Standard  temperature  and  pres- 
sure is  a temperature  of  0 degrees  C 
(or  273  Kelvins)  and  a pressure  of  one 
atmosphere  (1,013  mb).  A Kelvin  is 
equal  to  a degree  Celsius.  The  only 
difference  between  them  is  that  the 
Kelvin  temperature  scale  begins  at 
-273  degrees  Celsius,  or  the  tempera- 
ture of  absolute  zero,  while  the 
Celsius  scale  begins  at  the  freezing 
point  of  pure  water.  The  Kelvin  tem- 
perature scale  doesn't  use  the  word 
“degrees”  like  Fahrenheit  or  Celsius. 
So  please  say  the  temperature  is  273 
Kelvins  and  not  273  degrees  Kelvin. 


The  Martian  atmosphere  is  95% 
C02,  3%  N2,  and  2%  is  trace  gases. 
We'll  treat  the  Martian  atmosphere  as 
if  it  were  pure  carbon  dioxide  since 
the  nitrogen  and  other  trace  gases 
only  affect  the  density  of  the  Martian 
atmosphere  by  a small  amount.  Since 
the  chemical  formula  of  carbon  diox- 
ide is  C02,  its  atomic  mass  is  equal  to 
the  atomic  mass  of  one  carbon  atom 
plus  two  oxygen  atoms.  By  ignoring 
isotopes,  I calculate  the  mass  of  a car- 
bon dioxide  molecule  to  be  (1  x 12)  + 
(2  x 16),  or  44  atomic  mass  units. 

So  an  atmosphere  of  pure  carbon 
dioxide  has  a mass  of  44  grams  per 

22.4  liters  at  STP.  Helium  has  a mass 
of  four  grams  per  22.4  liters  at  STP,  so 

22.4  liters  of  helium  will  displace  40 
grams  of  carbon  dioxide  at  STP. 
However,  the  air  temperature  at  the 
Martian  surface  is  -14  degrees  C (259 
K)  and  the  pressure  is  seven  millibars. 
So  we  must  adjust  the  density  of  the 
carbon  dioxide  atmosphere  on  Mars. 

You  probably  learned  in  your  high 
school  chemistry  class  that  decreas- 
ing the  temperature  of  a fixed  amount 
of  gas  causes  it  to  contract  in  volume 
and  that  decreasing  the  air  pressure 
acting  on  it  causes  it  to  expand  in  vol- 
ume. The  equation  used  to  calculate 
the  volume  of  a gas  outside  of  STP  is: 


Vf  = Vi  X (Tf/273)  X (1013/Pf) 


where 

Vf  is  the  final  volume 
Vi  is  the  initial  volume 
Tf  is  the  final  temperature 
Pf  is  the  final  pressure 
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FIGURE  2 


Air  Pressure 

(Standard  Atmosphere  Mars) 


FIGURE  3 


Air  Temperature 
(Standard  Atmosphere  Mars) 


Temperature  (*F) 


Therefore,  the  volume  required  to 
displace  40  grams  of  a C02  atmos- 
phere at  Martian  temperature  and 
pressure  is  no  longer  22.4  liters  but, 
22.4  liters  * (259/273)  * (1013/7)  or 
3,076  liters  (108.6  cubic  feet). 

To  lift  our  10.6  pound  Earth 
payload  (which  is  the  balloon  and 
payload  weight),  our  astronauts  will 
need  to  fill  the  balloon  to  a volume  of 
1 3,066  cubic  feet.  This  is  equivalent  to 
a spherical  balloon  with  a radius  of 
14.6  feet  or  a diameter  of  29.2  feet. 
This  is  well  within  the  capabilities  of  a 
3,000  gram  balloon  which  can  inflate 
to  a diameter  of  42.6  feet  before 
bursting.  But  before  we  can  actually 
launch  the  balloon,  the  astronauts 
will  need  to  add  a little  extra  helium 
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to  generate  a positive  lift.  However, 
we'll  ignore  that  for  this  article  since 
the  additional  volume  is  small 
compared  to  the  initial  volume  of  the 
balloon.  Now  let's  have  our  astro- 
nauts release  the  balloon  and  watch  it 
climb  into  the  morning  skies  of  Mars. 

ATMOSPHERIC 
STRUCTURE  AND 
MAXIMUM  BALLOON 
ALTITUDE 

At  the  NASA  Glenn  Research 
Center  (GRC)  website,  I found  the 
equations  describing  the  air  tempera- 
ture and  pressure  of  the  Martian 
Standard  Atmosphere  (MSA).  The  MSA 


is  a mathematical  model  describing 
the  average  Martian  atmosphere  as  a 
function  of  altitude.  According  to  the 
webpage  (listed  in  the  sidebar),  the 
atmospheric  pressure  of  the  Martian 
Standard  Atmosphere  is  calculated  by 
the  following  equation, 

P=  14.62  xe(400003XH) 


where 

P is  pressure  in  pounds  per  square 
foot  (PSF) 

H is  the  height  in  feet 

Personally,  I prefer  millibars  of 
pressure  and  feet  of  altitude.  (That 
sound  you  just  heard  was  that  of  an  SI 
purest  having  a minor  heart  attack  after 
reading  that  last  sentence.)  The  atmos- 
pheric temperature  of  the  Martian 
Standard  Atmosphere  is  calculated  by: 


T = -25.68  - 0.000548  x H 

(below  22,960  feet) 


T = 10.34  - 0.001217  x H 

(above  22,960  feet) 


where 

T is  the  temperature  in  degrees 
Fahrenheit 

H is  the  height  in  feet 

These  equations  were  developed 
by  the  observations  of  the  Mars 
Global  Surveyor,  a spacecraft  that  is 
still  functioning  in  orbit  around  Mars. 

Figures  2 and  3 show  charts  of  air 
pressure  and  temperature  on  Mars  as 
a function  of  altitude  that  I generated 
from  these  equations. 

Both  air  pressure  and  air  temper- 
ature will  affect  the  volume  of  the 
balloon.  So  in  my  spreadsheet,  I 
combined  the  effects  of  pressure  and 
temperature  into  a new  column  that 
calculates  the  volume  of  the  balloon 
in  ratio  to  its  initial  volume  on  the 
surface.  Figure  4 shows  the  chart  from 
that  column  in  the  spreadsheet. 

In  these  charts,  I assumed  the 
temperature  and  pressure  of  the 
helium  inside  the  balloon  will  be 
the  same  as  the  temperature  and 
pressure  of  the  atmosphere  outside 
the  balloon.  You'll  note  from  the  chart 
that  the  volume  of  the  balloon  begins 


NEAR  SPACE 


to  decrease  as  it  approaches  100,000 
feet.  That  surprises  me  and  now  I have 
to  wonder  how  accurate  the  pressure 
and  temperature  equations  are  at 
extremely  high  altitudes.  But  we'll  run 
with  these  numbers  anyway  since 
we'll  see  shortly  that  the  weather  bal- 
loon will  never  get  that  high.  By  the 
way,  the  spreadsheets  I used  to  create 
these  charts  are  available  on  the  Nuts 
& 1/o/ts  website  (www.nutsvolts.com). 

According  to  Kaymont  (the  com- 
pany where  I purchase  my  balloons), 
the  maximum  volume  of  a 3,000  gram 
balloon  is  40,479  cubic  feet.  So  our 
astronauts'  3,000  gram  balloon 
carrying  a 1.5  pound  payload  (under 
Martian  gravity)  can  expand 
40,479/13,066,  or  three  times  in  vol- 
ume before  bursting.  According  to  my 
chart  then,  the  balloon  will  reach  an 
altitude  of  48,000  feet  before  bursting. 

That's  the  same  as  my  lowest  alti- 
tude near  space  flight  on  Earth.  The 
average  altitude  of  my  54  flights  (all  on 
Earth  unfortunately)  is  84,350  feet.  So 
it's  apparent  that  near  space  flights  on 
Mars  are  going  to  be  a lot  lower  than 
on  Earth.  This  really  isn't  too  surpris- 
ing though,  since  the  surface  pressure 
on  Mars  is  about  the  same  that  we  see 
at  an  altitude  of  103,000  feet  on  Earth. 

Let's  quickly  test  the  accuracy  of 
this  chart  and  its  conclusions.  So  as  a 
test,  I have  created  a spreadsheet  for 
the  Earth's  standard  atmosphere  and 
with  data  that  was  collected  on  one  of 
my  flights  from  August  2003.  I used 
the  temperature  and  pressure  from 
both  my  flight  and  from  the  Standard 
Atmosphere  to  calculate  the  diame- 
ters of  two  balloons  and  developed 
the  chart  in  Figure  5. 

What  strikes  me  the  most  about 
this  chart  is  that  the  balloon  volumes 
follow  each  other  very  closely  until 
the  balloon  reaches  50,000  feet. 
Above  that  altitude,  the  standard 
atmosphere  predicts  the  balloon  will 
expand  faster  than  my  actual  flight 
data  indicates. 

Why  is  this?  Is  the  real  balloon 
having  difficulty  expanding  above 
50,000  feet?  The  ascent  rate  for  this 
flight  is  constant  through  the  50,000 
foot  transition,  so  the  balloon  can't  be 
experiencing  difficulty  in  expanding  in 
volume  (if  it  did,  the  ascent  rate  would 


slow  down).  Besides,  the  air  pressure 
changes  smoothly  throughout  the 
flight,  with  no  abrupt  transitions.  But 
there  is  one  thing  special  about 
50,000  feet:  the  stratosphere  begins 
there  (the  stratosphere  is  lower  in  the 
winter,  but  this  was  a summer  flight). 

In  the  troposphere,  the  air  temper- 
ature decreases  with  altitude.  But  in 
the  stratosphere,  the  presence  of  ozone 
makes  the  air  warmer.  There's  more 
solar  ultraviolet  radiation  higher  in  the 
stratosphere  since  it's  the  ozone  that  is 
removing  it.  Helium  doesn't  stop  any 
ultraviolet  that  I know  of,  so  I suspect 
it's  transparent  to  ultraviolet.  Also,  the 
balloon  is  white  and  its  color  may  be 
reflective  to  the  sun's  increased  ultravi- 


olet radiation.  No  doubt  there  are 
errors  in  my  temperature  and  pressure 
sensors.  Perhaps  my  temperature  sen- 
sor is  less  accurate  at  low  air  pressure. 
Out  of  these  factors,  which  prevails? 

This  calls  for  an  experiment  (I 
love  it  when  missions  generate  more 
questions  than  they  answer).  In  the 
future,  I'll  measure  the  temperature 
and  pressure  inside  the  balloon  and 
compare  it  to  conditions  outside  the 
balloon.  To  further  resolve  this  issue 
(or  perhaps  to  muddy  it  further),  I'll 
also  record  images  of  the  balloon  as 
it  ascends.  I can  then  calculate  the 
true  volume  of  the  balloon  from  the 
diameter  of  the  balloon  images. 

There  are  two  minor  (I  hope)  errors 
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■ FIGURE  6 


Air  Temperature  (Titan) 


SCALE  HEIGHT 

The  scale  height  of  an  atmos- 
phere is  an  indication  of  how  fast  its 
density  decreases  with  altitude.  Just 
how  fast  the  atmospheric  density 
(pressure  also  works  here)  changes 
with  altitude  depends  on  the  current 
atmospheric  density. This  relationship 
between  rate  of  change  and  its 
current  value  is  also  seen  in  things 
like  interest  (how  much  money  your 
savings  account  will  make  this  year 
depends  on  how  much  money  you 
have  in  it  at  the  beginning  of  the  year) 
and  population  (how  many  rabbits 
you'll  raise  this  year  depends  on  how 
many  rabbits  you  start  the  year  with). 
In  the  mathematics  of  these  kinds  of 
changes,  a specific  number  keeps 
popping  up,  the  number  2.71828  .... 
This  number  is  called  e and  it  is  relat- 
ed to  rates  of  change  just  like  pi  is 
related  to  circles. 

To  make  the  mathematics  simpler, 
physicists  look  at  how  fast  the  atmos- 
pheric density  of  a moon  or  planet 
decreases  by  a factor  of  e.The  altitude 
at  which  this  occurs  is  called  the  scale 
height  of  that  atmosphere.  On  Earth, 
the  scale  height  is  8.5  kilometers  for 
the  average  atmosphere  at  the  Earth's 
surface.  For  Titan,  this  number  is 
between  40  and  60  km  and  for  Mars  it's 
11.1  km.  The  scale  height  is  also  the 
height  of  an  atmosphere  if  it  had  a 
uniform  density  equal  to  its  surface 
pressure.  So  the  top  of  Earth's  atmos- 
phere would  be  at  8.5  km  high  if  its 
density  didn't  decrease  with  altitude. 

The  scale  height  of  an  atmos- 
phere is  affected  by  the  gravity  of  the 
moon  or  planet  and  the  mass  of  the 
gas  in  the  atmosphere.  Decreasing  the 
gravity  of  a moon  or  planet  increases 
the  scale  height  of  its  atmosphere  as 
does  having  a lower  mass  gas  in 
the  atmosphere.  Having  a stronger 
gravity  and/or  a denser  gas  in  the 
atmosphere  means  the  atmosphere 
is  more  compressed  towards  the 
surface,  which  means  the  scale  height 
is  lower.  The  planet  Neptune  and  the 
moon  Titan  have  roughly  the  same 
scale  heights,  because  Neptune's 
atmosphere  is  largely  hydrogen  and 
helium,  and  Titan's  gravity  is  so  low. 

Mass  and  gravity  are  not  the  only 
things  to  affect  scale  height.  Changes 
in  temperature  also  affect  the  scale 
height  of  an  atmosphere  by  causing 
the  gas  in  an  atmosphere  to  expand 
or  contract.  So  in  general,  the  scale 
height  of  an  atmosphere  is  given  at 
various  altitudes  and  for  an  average 
temperature,  rather  than  for  the  entire 
atmosphere. 


Temperature  (k) 


■ FIGURE  7 

Air  Pressure  (Titan) 
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that  will  creep  into  this  volume  calcu- 
lation of  the  balloon.  The  first  is  that 
the  equator  of  the  balloon  will  rise 
higher  above  the  camera  as  the  bal- 
loon expands.  This  means  the  diame- 
ter of  the  balloon  will  be  slightly  larger 
than  is  indicated  in  the  photographs. 
The  second  is  that  balloon's  skin 
tension  will  compress  the  balloon  into 
a smaller  volume  than  air  temperature 
and  pressure  would  like  to  make  it. 

To  close  out  this  Martian  exercise,  I 
calculated  what  the  balloon  would  see 
at  48,000  feet  above  the  Martian  sur- 
face. First,  the  horizon  will  be  depressed 
by  3.8  degrees.  In  other  words,  the  hori- 
zon will  be  3.8  degrees  lower  than  it  is 
from  the  surface  of  Mars.  So  from  one 
horizon,  over  the  zenith,  to  the  opposite 
horizon,  the  sky  will  span  187.6  degrees, 


rather  than  the  180  degrees  that  it  does 
from  the  surface  of  Mars. 

Second,  from  the  balloon's  perspec- 
tive, the  distance  to  the  horizon  will  be 
132  miles  away  from  the  point  beneath 
the  balloon.  On  Earth,  a balloon  at 
48,000  feet  will  see  a horizon  that  is  268 
miles  away  from  the  point  beneath  the 
balloon.  The  greater  distance  on  Earth  is 
due  to  Earth's  larger  diameter  and  less 
strongly  curved  surface. 


BALLOONS  OVER  TITAN 

I couldn't  find  an  equation  for  the 
standard  atmosphere  for  Titan.  So  in 
place  of  an  equation,  I took  measure- 
ments from  a chart  of  Titan  tempera- 
ture and  pressure  and  wrote  them  into 
a spreadsheet.  I then  added  a trend- 
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Balloon  Volume  (Titan) 


line  to  the  resulting  chart  and  had 
Excel  determine  a sufficiently  accurate 
equation  for  the  standard  atmosphere 
of  Titan  (see  Figures  6 and  7). 

One  thing  you'll  notice  about 
these  charts  is  that  the  atmosphere 
on  Titan  becomes  thinner  more  slow- 
ly with  altitude  than  it  does  on  Earth 
(check  the  sidebar  for  more  informa- 
tion). This  is  due  to  Titan's  lower 
gravity,  which  is  something  like  16% 
of  Earth's  gravity.  The  rate  at  which  an 
atmosphere  becomes  less  dense  with 
increasing  altitude  is  referred  to  as 
the  atmosphere's  scale  height. 

The  atmospheric  pressure  on  the 
surface  of  Titan  is  50%  greater  than  on 
Earth,  or  1,500  mb.  The  air  tempera- 
ture is  96  Kelvins,  or  right  at  the 
temperature  that  nitrogen  liquefies. 
The  composition  of  the  Titan  atmos- 
phere is  around  90%  nitrogen  and 
10%  trace  gasses,  like  methane.  But 
I'll  stick  with  a 100%  nitrogen  atmos- 
phere to  keep  the  calculations  simple. 

The  mass  of  a mole  of  nitrogen 
(N2)  is  28  grams.  So  a mole  of  helium 
displaces  24  grams  of  atmospheric 
mass.  At  a surface  temperature  of  96 
Kelvins  and  pressure  of  1,500  mb,  I 
calculate  that  5.3  liters  of  helium  gas 
will  displace  24  grams  of  nitrogen.  To 
lift  the  10.6  pound  payload  (the  mass 
of  the  balloon  and  near  spacecraft) 
will  require  a balloon  with  a volume 
of  1,063  liters  or  37.5  cubic  feet.  This 
implies  that  a 3,000  gram  weather 
balloon  can  expand  1 ,079  times  larger 
before  bursting! 

In  the  chart  in  Figure  8,  you  can 


■ FIGURE  8. Titan's  thick  atmosphere 
prevents  a weather  balloon  from 
expanding  as  much  as  Earth's  thinner 
atmosphere,  so  the  balloon  will  rise  to 
a higher  altitude  before  bursting. 

see  that  to  climb  to  an  altitude  of 
100,000  feet  above  the  surface  of 
Titan,  the  balloon  will  only  expand  4.5 
times  (compare  this  to  100  times  on 
Earth).  So  the  maximum  volume  of 
the  balloon  will  only  need  to  be  169 
cubic  feet.  A balloon  this  small  is 
lighter  in  weight  than  a 3,000  gram 
balloon  and  if  we  use  the  smaller 
balloon,  less  helium  will  be  needed  to 
begin  with. 

Indeed,  we  may  find  it  difficult  to 
prevent  the  balloon  from  rising  too 
high  in  the  Titanian  atmosphere.  Our 
balloon  could  easily  spend  the 
majority  of  its  flight  above  the  smog- 
gy  clouds  enshrouding  Titan.  This 
would  be  great  for  an  atmospheric 
sounding,  but  it  would  be  a disaster 
for  a mapping  mission.  NV 
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Pathfinder  Weather  Data 
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placed  in  the  following  issue,  at  our  discretion.  Minimum  charge  is  one  inch  with 
half-inch  increments.  No  proofs  will  be  sent.  Ads  to  be  typeset  by  Nuts  & Volts 


must  be  received  by  the  closing  date.  Supplied  ads  must  be  received  by  the 
artwork  due  date. 

Call  951-371-8497  or  email  classad@nutsvolts.com  for  closing  dates, 
available  sizes,  and  special  prepay  discount  offers. 


RF  PARTS  CO. 

From  Milliwatts  to  Kilowatts™ 

Tubes,  Transistors,  Power  Components. 
Email:  rfp@rfparts.com  • Web:  www.rfparts.com 

800-737-2787  Fax  888-744-1 943 


IV  KITS  & CHIPS  & CODE 

SINCE  1974 
PARTS  KITS 

FREE 

SAMPLE 

POSTPAID  (USA  ONLY) 
INDUSTRIAL  VENTURES 
POB  2 45 

132  E.  PROSPECT  STREET 
WALD  WICK,  NJ  67463-0215 


ROBOTICS 


www.transolve.com 

johnf@apk.net 


FREE  1 20  Pg  CATALOG 


EXPERIMENTERS  SOURCE 

Trans-Wire 

*Mix  & match  colors,  lengths 
*22gA  stranded:  5tf/Ft. 
*Donft  pay  $10-15  forlOO'rolls 
*Trans-Wire  price  is  $5. 
*Cable  ties  & other  goodies 


ROBOTIC 


CONTROLLERS 


Robot  Bases.  PIC,  OOPk,  Stamp 
and  servo  controllers.  New  Walking 
Machine  Controller,  Chips,  kits, 
assembled, 

www.oricomtech.com 


Electronic  components,  kits, 
test  equipment,  tools,  and  sup- 
plies for  hams,  hobbyists,  and 
businesses.  Many  hard-to-find 
items  like  variable  capacitors, 
vernier  dials,  coil  forms,  magnet 
wire,  and  toroids. 

Ocean  State  Electronics 
www.oselectronics.com 


Beagle  Board 


World’s  most  flexible  development  board 


for  electronics  and  robotics 


Large  breadboard  area, 
multiple  modules: 

•PICMicro,  28  and  40  pin 
•Power  supply,  5V,  1A 
•LCD  and  4-switch  interface 
•8 -bit  logic  probe 
•RS232  (DCE  or  DTE)  interface 
•Pulse  generator,  0.1  Hz  - 1MHz 
•Step  motor  controller/driver 
•DC  motor  controller/driver 


PPBeagle 

M.-J  M.  m_  T ools  for  robot 


Robotics,  LLC 

robotics  and  electronics  enthusiast 


www.beaglerobotics.com 


ANTIQUE  RADIO 


AWA 

Antique  Wireless  Association 

The  ordinal  and  largest  historical 
radio-collector  greup. 

Publishos  AWAJqvmoI  covering  history, 
restoration,  broadcast  receivers,  ham  radio, 
telegraph,  radio  meets,  and  more. 

$20/yr  USA 
$25/yr  elsewhere 

Check  us  out  at: 

h ttpzllw  w w.an  ti  q u ewire  less.o  rg 

or  PO  Box  1 08,  Dept.  4 
Stafford,  NY  14143 


LCDs/DISPLAYS 


’ High  contrast  & wide  viewing  angles 
' HD44780  equivalent  controller  built-in 
* Add  serial  converter  kit  for  $14.&5ea. 


Order  online  at: 
www.  A 1 1 lechsyste  ms.  com 


www.nutsvolts.com 


lUIISC. 

ELECTRONICS 
FOR  SALE 


BANKRUPTCY 

Thousands  of  speakers,  speaker 
parts,  glue,  baskets,  magnets,  xovers, 
enclosures.  ALSO:  coil  winders, 
demagnetizes,  X,\\Z  coordinate 
madi,  glue  equipment,  case  scaler, 
foam  packaging  system,  test 
equipment  induction  heaters,  MORE. 


DESIGN/ENGINEERING  SERVICES 


ONE  PAS,  INC  . The  Future  of  Prototyping 

Surface  Mount  ^ 2 0 0 © O © © O;  O 1 

^ v ^ A, 


circuits  made  simple,  ; 
Now  you  can  work 
with  the  smallest 
PIC  or  Op  Amp 
quickly  and  easily! 


Cohere:  :c:c  t qj 

K?  cS 

C0cefocooco0c'-o'o0c 


See  our  entire  line  of  thru-hole  and  SIVIT  / S Ml D boards  designed  for  the 
total  circuit  approach  to  prototyping  in  ONE  PASS,  We  also  carry  the  most 
complete  Dine  of  FOB  drill  bits  in  the  world,  for  making  your  own  boards. 

The  future  is  here  today,  get  it  now  at  ONE  PAS,  INC, 


www.onepasinc.com 


DEC  EQUIPMENT 
WANTED!!! 

Digital  Equipment  Corp. 
and  compatibles. 

Buy  - Sell  - Trade 


Call  Keyways  937-847-2300 
or  email  buyer@keyways.com 


INFOTECH I 

controls! 

Complete  Product 
Development  from 
Concept  to  Completion 


Consumer  or  Industrial 
Product  Design 


I Update  - Modify  - Re  - 
Engineer  existing 
Equipment/Products 


Submit  Requirements 
email: 

infotedtomtwls(acmicast.net 

Call  724-337  8865 
Mail  to  PO  Box  2822 
Lower  Burrell,  PA  15068 


* Circuit  board  laqouts 


P rototqpe  asscmbl  \es 

WWW.OSPREYELECTRONICS.COM 


Convert  your  sketch  or  print  into  a quality 
peb  for  a reasonable  price  Visit  us  on 
the  web  or  call  Osprey  Electronics  at 
(208)  664  1089  (USA) 

BUSINESS  SERVICES 

Do  You  Repair  Electronics? 

For  only  $9.95  a month,  you  ’ll  receive  a wealth  of  information: 


Repair  data  for  TV,  VCR,  monitor,  audio , camcorder,  & more . 

Over  1 00,000  constantly  updated  probk m/solutions  plus... 

• TechsChat  live  chat  room.  • UL/FCC  number  lookup. 

• Private  user  discussion  forums.  » Hot  tips  bulletin  board. 

• Automated  email  list  server.  * Manufacturer  information. 

To  access  Repair  World,  direct  your  inter  net  browser  to  http://www.repairwortd.com 


RepairWorld.com 

Electronic  Corp,  1 Herald  Sq.  Fairborn,  OH  45324  (937)  878-9878 
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AUDIO/VIDEO 


READER  FEEDBACK 

Continued  from  page  6 


WWW.4ATV.COM 


2.4  GHz  Power  Amplifier 

- 10-40  mW  Input.  1 W Output 

- Power  Supply  included 

- Size:  Approx  2"  X T X 374" 
(047)  202-0010  jnfo@4atv.com 


www.servomagazine.com 


WIRELESS  FIELD  STRENGTH  TESTER 

r Detects  Bugs  & Hidden  Cameras 
Identifies  Hot  & Cold  spots 
Measures  baseline  RF  levels 
Discovers  backer-site  locations 
Aims  £ Aligns  far-distant  antennas 
[Locates  cable  leaks  & connector  problems 

I MHz  to  8 GHz  Bandwidth 

DETECTS  5.0  $ 2.4  GHz  mW  SIGNALS 

' 0 20  ft.  & PINPOINTS  THEIR  LOCATION 

Model  SELECTABLE  ANTENNA  OPTIONS 

ZC  300  COAmiNPm-FofCAeCSto^^rnd^rna 

INTERNAL  AWIEMNA5  - No  menls  fretted 

LOG  - MID  - LINEAR  DETECTION  MODES 
Weakest  dlstanr  signals  detected  and  location  pinpointed 

DIGITAL/ ANALOG  SIGNAL  DIFFERENTIATION 
Entranced  call  fiwm,  video,  computet  Ma 
& pulsed  signal  detection. 

$599  wifo  dineciiOAOi  1.0-64  GHz  log  Periodic  Mew 

ALAN  BROADBAND  CO. 

93  ARCH  ST, 

REDWOOD  CITY,  C A 94002 
(050)  369-9027,  (000)  309-9027 
FAX:  (650)309-3788 

WWW.ZAPCHECKER.COM 


(600)719-9605  sales@matco.com 


Hitt  Consulting 


"SX- Video  Overlay” 
Serial  Input  - Video  Out 
Overlay  Text  on  Video 

www.sxvm.rom 


Parallax  Item  30015 


www.matco.com 

LCD-605  6.5"  TFT  LCD  Monitor 

• High  Res  at  720  x 480  pixels 
H - 250  1 contrast 

■ - Brightness  380  Cd/sqm 

Wide  view  angle 
^ M - Powered  by  12  VDC 
IR  remote  control 
^ Stereo  audio  input/output 

$139 

(800)719-9605  sales@matco.com 


www.matco.com 

Wireless  A/V  Transmitter  & Receiver 


$ 159/kit 


- Miniature  size,  long  transmit  distance 


- 2.4  GHz  Amateur  frequencies 

- 4 channels  switchable 

- 2.4  GHz  8, 12  channel  available 

- 1.7, 1.2. 0.9  GHz  systems  available 
(800)719-9605  myorder@matco.com 


www.matco.com 

2.4  GHz  Color  Wireless  Camera  Kit 

- Mini  CoFaf  CMOS  Camera 
- 1 Lux 
-3BQTVL 

, V ' 2 4 GHz 

■ Good  for  650  ft  in  open 
P**er  supplies  for  bold 
camera  & receiver  included 

- Output  power  10  mW 


INTERCEPTING  COMMANDS 

I have  been  reading  (on  William's  article  on  the 
Playstation  Robot  controller.  I wanted  to  contribute 
my  idea  for  intercepting  PS2  commands.  I have  suc- 
cesfully  used  this  method  to  intercept  the  command 
to  put  the  controller  into  analog  mode. 

The  PS2  controller  interface  is  a standard  SPI 
interface.  I congfigured  an  Atmel  AVR  microcontroller 
as  a SPI  slave  leaving  the  I/O  ports  tri-stated.  A short 
routine  reads  the  SPI  data  into  the  SPI  data  register 
and  transfers  the  data  to  the  UART  to  hyper- 
terminal on  my  PC.  Switching  the  AVR  MISO  input 
between  the  command  and  data  lines  allows  the 
game  console  data  and  the  controller's  response 
to  be  viewed.  When  the  action  you  are  trying  to 
replicate  occurs,  the  change  in  the  Command/Data 
sentence  is  the  command  responsible  for  this  action. 

Brian  Await 


THIS  MAY  HERTZ  ... 

Regarding  the  answer  to  the  Q&A  question 
"Ghost  of  a MM5369  Clock”  in  the  (anuary  06  issue  ... 

In  addition  to  the  ELM440  IC  replacement  for 
the  MM5369  60  Hz  generator  (NV  (an  06,  pg.  14,  Craig 
Kendrick  Sellen),  Microchip  Technology,  Inc.,  has  an 
article  published  — DS40160A/4_008  — with  the 
title  An  Enhanced  MM5369  - 60  MHz  Generator.  The 
60  MHz  is  obviously  wrong  and  should  be  60  Hz,  but 
the  article  gives  all  the  details  to  program  a 
PIC12C508  for  a 60  Hz  and  a 1 Hz  output. 

Duco  W.  Weytze 


www.nutsvolts.com www.servomagazine.com 
1.800.783.4624  NOW  SHIPPING! 


Great  news I Now  you  can  have  back  issues  of  SERVO 
AND  Nuts  & Volts  on  CD!  You  can  get  the  first  1 4 issues 
of  SERVO  from  years  2003  and  2004,  and  all  12  issues  of 
Nuts  & Volts  from  2004  (2005  coming  Jan  06).  Stored  as 
PDFs,  you  can  print  and  search  an  entire  volume  at  a time. 


You  can  purchase  said  CD(s)  from  us,  for  your  own 
personal  use,  and  donate  your  old  paper  copies  to  your 
local  school  or  library. 
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SPECIAL  INTERESTS? 

I am  a retired  engineer  and  have  been  reading 
or  subscribing  to  your  magazine  for  as  long  you  have 
been  publishing  and  I have  to  agree  with  Ruben  Lara 
in  your  December  issue  Reader  Feedback.  It  appears 
to  me  that  the  computer  geeks  and  robotics  geeks 
have  taken  over  your  magazine  to  the  exclusion 
of  us  experimenters  and  project  construction 
enthusiasts  who  like  to  build  simple  analog  and 
digital  circuits. 

I do  not  know  how  to  program  Stamps  and  have 
no  desire  in  the  future  really  to  learn.  I also  can  see 
no  practical  value  on  how  to  build  a electronically  run 
Dremel  tool  as  a milling  machine. 

One  of  the  things  that  originally  caused  me 
to  read  your  magazine  was  the  circuit  design  infor- 
mation and  drawings  for  various  simple  apparatus 
and  fun  gadgets  to  build.  I especially  like  T(  Byers' 
Q&A  and  that  is  primarily  why  I keep  taking  your 
magazine.  Don't  let  the  special  interests  ruin  what 
was  a terrific  magazine. 

Harry  J.  Kennedy 


Tetsujin  Just  Got  Better! 

Servo’s  Iron  Man  competition  returns!  Servo,  ComBots,  and  the  Robotics  Society  of  America  have 
combined  two  great  events  to  make  an  even  better  one  (kind  of  like  chocolate  and  peanut  butter...) 

Join  us  this  June  for  Tetsujin  at  ROBOlympics  2006.  Man  and  metal  meet  in  this  spectacular  event. 
This  year  there  are  three  Tetsujin  challenges  - Weightlifting,  Dexterity,  and  the  Walking  Race.  Show 
us  your  best  stuff  in  the  Servo  sponsored  event. 

In  addition  to  Tetsujin,  ROBOlympics  offers  over  60  different  competitions,  including  Fire-Fighting, 
Maze  Solving,  Biped  Race,  Robot  Triathlon,  Line  Slalom,  Ribbon  Climber,  Vex  Open,  Lego  Challenge, 
Lego  Open,  Aibo  Performer,  Balancer  Race,  Walker  Challenge,  Best  of  Show,  Robomagellan,  IRRF 
Challenge,  Bot  Hockey  (two  classes),  Soccer  (eleven  events),  Art  Bots  (four  classes),  Sumo  (five 
classes);  Woots  & Snarks,  Handy  Board  Ball,  BotsketBall,  BEAM  (three  classes),  Robo-One  (six 
classes),  and  of  course,  Robot  Combat  (nine  classes  from  340  lbs  to  150g  and  two  autonomous 
classes.) 

At  the  2005  event,  over  650  engineers  from  13  different  countries  competed!  Join  us  this  year  in  the 
world’s  largest  all-events  robot  competition.  No  matter  which  events  you  compete  in,  you’ll  meet 
hundreds  of  robot  builders  from  around  the  world,  see  new  robots  you  never  knew  existed,  and  learn 
more  about  robots  than  you  imagined  possible!  Don’t  miss  out  - register  on-line  before  May  16th. 

www.robolympics.net 

San  Francisco,  California:  Fri-Sun,  June  16-18, 2006 


This  is  a READER-TO-READER  Column. 


All  questions  AND  answers  are  submitted  by  Nuts  & Volts  readers  and  are  intended  to  promote  the  exchange  of  ideas  and  provide  assistance 
for  solving  problems  of  a technical  nature.  Questions  are  subject  to  editing  and  will  be  published  on  a space  available  basis  if  deemed  suitable 
by  the  publisher.  Answers  are  submitted  by  readers  and  NO  GUARANTEES  WHATSOEVER  are  made  by  the  publisher.  The  implementation  of 
any  answer  printed  in  this  column  may  require  varying  degrees  of  technical  experience  and  should  only  be  attempted  by  qualified  individuals. 
Always  use  common  sense  and  good  judgement! 


All  questions  and  answers  should 
be  sent  by  email  to  forum@nuts 
volts.com  All  diagrams  should  be 
computer  generated  and  sent  with  your 
submission  as  an  attachment. 


QUESTIONS 

To  be  considered,  all  questions  should  relate 
to  one  or  more  of  the  following: 

O Circuit  Design 
© ElectronicTheory 
© Problem  Solving 
© Other  SimilarTopics 

■ Be  brief  but  include  all  pertinent  informa- 
tion. If  no  one  knows  what  you're  asking,  you 
won't  get  any  response  (and  we  probably 
won't  print  it  either). 

■ Include  your  Name,  Address,  Phone  Num- 
ber, and  email.  Only  your  Name,  City,  and 
State  will  be  published  with  the  question, 
but  we  may  need  to  contact  you. 

■ No  questions  will  be  accepted  that  offer 
equipment  for  sale  or  equipment  wanted  to 
buy. 

■ Selected  questions  will  be  printed  one 
time  on  a space  available  basis. 

■ Questions  are  subject  to  editing. 

ANSWERS 

■ Include  in  the  subject  line  of  your  email, 
the  question  number  that  appears  directly 
below  the  question  you  are  responding  to. 

■ Payment  of  $25.00  will  be  sent  if  your  an- 
swer is  printed.  Be  sure  to  include  your  mail- 
ing address  or  we  cannot  send  payment. 

■ Only  your  Name,  City,  and  State,  will  be 
printed,  unless  you  say  otherwise.  If  you 
want  your  email  address  included,  indicate 
to  that  effect. 

■ Comments  regarding  answers  printed  in 
this  column  may  be  printed  in  the  Reader 
Feedback  section  if  space  allows. 


»>  QUESTIONS 

I am  plagued  with  trying  to  deter- 
mine when  my  oil  burner  ignition 
transformers  have  died.  These  step-up 
transformers  generate  9,300  VAC  at 
about  25  mA  (new  style  electronic 
types  aren't  a problem:  they  die  dead). 
In  the  old  days,  I used  to  test  them  by 
shorting  a screwdriver  across  the  sec- 
ondary to  see  if  the  sparks  came  from 
the  screwdriver  blade  or  from  broken 
down  insulation  on  the  secondary 
winding  (been  knocked  off  my  bucket  a 
few  times,  but  not  dead  yet!)  Then  they 
drop  to  6-7  kVAC  output,  and  will  not 
reliably  ignite  the  oil  burner  (though 
will  still  ohm  out  correctly).  Does 
anyone  have  a good  circuit  (read: 
simple  and  cheap)  that  can  load  these 
and  give  me  a go/no  go  reading  on 
their  efficacy? 

#3061  Anonymous 

via  Internet 

I am  currently  interfacing  my  PIC 
project  to  several  mains  relays  using 
an  opto-isolated  triac  (with  zero  cross- 
ing). The  current  draw  required  by  the 
mains  relay  is  only  11  mA  and  the 
opto-isolated  triac  is  rated  at  100  mA. 

I am  currently  using  the  interface  and 
it  works  perfectly  with  no  heat  from 
the  ICs. 

My  question  is:  Do  I need  to  use 
zero  crossing  for  relay  control?  And,  I 


keep  hearing  about  a snubber  circuit 
for  inductive  loads.  Do  I really  need  to 
use  a snubber  circuit  for  just  a relay? 
If  so,  what  would  be  the  simplest 
design? 

In  the  meantime  I will  continue  to 
use  my  interface  as  it  works  fine. 
#3062  Paul  Webley 

Ireland 

I need  cross  references  to 
standard  part  numbers  for  these 
RadioShack  transistors.  RadioShack's 
website  was  a lost  cause. 

NPN,  RS2010,  Silicon,  High  Gain, 
276-2010 

PNR  RS2034,  Silicon,  General 
Purpose,  276-2034 
NPN,  RS2042,  Silicon,  Power, 
Darlington,  276-2042 
#3063  James  Tadlock 

Espanola,  NM 
mr_tadlock@hotmail.com 

»»  ANSWERS 

[#1061  - January  2006] 

I have  six  six-volt  batteries  wired  in 
series  to  achieve  36  volts.  I have 
tapped  the  neg  to  the  pos  across  two 
batteries  and  got  12  volts. 

Can  I wire  all  three  (sets  of  two)  and 
get  12  volts  with  lots  of  amps  and  run  a 
large  inverter?  That  would  be  running 
series  and  parallel  in  one  operation.  I 
would  have  to  be  using  both  sources  at 
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the  same  time.  Maybe  switches 
would  work? 

#1  To  safely  and  efficiently  use  your 
36  volt  battery  "pack"  to  run  an  invert- 
er, you  might  consider  a DC  to  DC 
converter.  "Solar  Converters,  Inc." 
(519-824-5272)  www.solarconvert 
ers.com/  sells  Model  EQ  12/36-50 
that  puts  out  12  volts  regulated  DC  at 
50  amps  from  a 36  volt  DC  input.  Also 
check  out  www.jameco.com  Catalog 
Part  #217269CC  which  takes  19-36 
volts  DC  input  and  puts  out  12  volts 
@ 12.5  amps. 

Bob  Lindstrom,  Broomfield CO 

#2  Yes,  you  can  wire  the  six  batter- 
ies in  series-parallel  to  obtain  12 
volts  with  lots  of  amps.  You  can 
either  parallel  three  sets  of  two  bat- 
teries (in  series)  each,  or  else  connect 
in  series  two  sets  of  three  batteries 
(in  parallel)  each. 

Yes,  you  can  use  some  form  of 
multipole  switching  to  change  from  a 
36V  array  (series)  to  a 12V  one 
(series-parallel). 

What  you  will  not  be  able  to  do  is 
to  use  the  two  voltages  at  the  same 
time:  The  switch  will  be  in  either  the 
“36V”  position  or  in  the  "12V”  one. 

Also,  to  charge  the  batteries  the 
switch  should  be  in  one  of  the  two 
positions  (according  to  the  charger's 
voltage  and  current).  To  prevent  acci- 
dents, you  will  have  to  add  one  pole 
to  your  switch  so  that  the  charger 
won't  be  connected  if  the  batteries 
are  in  the  "wrong”  configuration. 

And,  of  course,  the  switch  should 
be  rated  for  the  system's  voltage  and 
current.  To  open  a DC  circuit  - even  at 
moderate  voltages  like  36V  - is  no 
easy  job. 

If  you  want  to  run  your  36V  loads 
and  an  inverter  simultaneously,  you 
should  get  an  inverter  that  runs 
on  36V.  It  will  be  not  only  easier  to 
connect,  but  it  will  use  thinner  wires 
and  be  more  efficient. 

Ernesto  Cerfoglio 
Buenos  Aires , Argentina 

[#1063  - January  2006] 

I have  a digital  caliper.  I would 
like  it  to  display  measurements  in 
a third  way  besides  inches  and 
millimeters.  Are  there  digital  calipers 


that  have  generic  microcontrollers 
that  could  be  reprogrammed  or 
replaced  with  my  own  programming? 
If  one  of  them  has  something  like  a 
generic  PIC  in  it,  then  maybe  ... 

Many  digital  calipers  have  a data 
port  hidden  under  a small  cover.  You 
can  interface  the  caliper  to  a desktop 
computer  using  an  appropriate  cable 
(ex.  Mitutoyo  Connecting  Cable 
#905409  www.mitutoyo.com)  and  a 
converter  box  (ex.  Smart  Cable  #200- 
50R9F  www.qualityonsale.com).  This 
can  be  an  expensive  proposition 
given  the  cost  of  the  cable  is  around 
$40.00  and  the  cost  of  the  converter 
box  is  around  $170.00.  The  good 
news  is  that  the  converter  box  infor- 
mation comes  with  a sample  Qbasic 
program  that  illustrates  how  to  read 
the  caliper  value  and  display  it  on  the 
screen.  Good  luck. 

Bill  Ryder 
Victoria , MN 

[#1062  - January  2006] 

/ have  searched  for  the  Data 
Sheet  on  TI's  TMS9916NL  chip.  Any 
help  would  be  appreciated. 

#1  The  TMS9916  is  from  Texas 
Instruments,  and  it’s  part  of  their 
9900  series  (circa  1978).  The  9916  is  a 
Magnetic  Bubble  Memory  controller. 

The  following  link  provides  a 
brief  discussion  on  the  part  and  its 
use:  www.decodesystems.com/tib 

0203.html 

Briefly,  Bubble  memory  was  the 
first  attempt  to  create  RAM  that 
would  retain  its  data  after  power  was 
removed;  a sort  of  very  early  Flash 
memory. 

Joe  O'Brien 
Ladera  Ranch , CA 

#2  I contacted  TI  tech  support;  they 
were  very  helpful  and  found  this  25 
year  old  data  sheet,  which  I have 
posted  at:  http://us.share.geocities. 
com/russlk/tms99 1 6.pdf. 

Russell  Kincaid 
Milford ' NH 

[#2061  - February  2006] 

Last  Fall,  we  put  up  a new 
RadioShack  long  range  VHF/UHF 
VU-190  antenna  and  rotator. 


Correction 

There  was  an  error  in  the  parts 
list  of  my  answer  (in  the  January 
issue)  to  the  Aquarium  pump  turn 
off  issue.  The  value  of  R1  should  be 
330K,  not  3.3K. 

The  corrected  parts  list: 

Cl  1000  uF  25V 
D1  1N4001 

K1  Omron  G6RN-1-DC12  (Mouser 
P/N  653-G6RN-1-DC12) 

Q1  2N6427  NPN  Darlington 
(Mouser  P/N  512-2N6427) 

R1  330K 
R2  680 K 

SI  Push  button  momentary  switch 

Ed  Schick 
Harrison , NY 

Around  April  or  May,  I noticed 
that  the  reception  for  the  higher 
numbered  UHF  channels  seemed  to 
be  getting  worse.  During  Summer, 
this  problem  seemed  to  worsen. 

Thinking  about  it  carefully  now, 
last  Fall  we  got  good  to  fair  reception 
on  channels  36  and  29  and  excellent 
reception  on  channels  23,  19,  and  17. 
Now  it  has  changed  to  fair  reception 
on  channel  23  and  passable  on  1 7.  All 
the  others  are  basically  unusable. 
Clearly,  something  has  changed  as 
the  temperature  and  weather  are 
similar  now  to  when  the  antenna  was 
installed. 

VHF  reception  has  not  changed 
since  installation  and  remains  very 
good. 

#1  You  have  a bad  case  of  high 
frequency  loss.  It  is  important  that 
you  start  methodically  checking  only 
one  suspected  part  at  a time.  Here 
are  possible  trouble  spots:  You 
might  have  a bad  "F"  connector  at  the 
matching  transformer,  or  the  RTV 
rubber  has  developed  a hairline  crack 
around  the  coax  connector  or  around 
the  twin  lead  pigtail  on  the  trans- 
former, letting  in  water.  Silicone  does 
not  stick  very  well  to  most  plastics. 
Also,  with  binoculars,  look  at  the 
connections  at  the  antenna  terminal 
block  and  the  antenna  element  insu- 
lators. Is  there  any  debris  such  as 
cobwebs,  bird  droppings,  etc?  How 
old  is  the  coax?  If  you  used  the  old 
stuff,  dirt  or  corrosion  at  the  "F" 
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connector  could  act  like  a sponge  for 
moisture.  Inspect  the  full  length  of 
the  coax  for  any  place  the  insulation 
could  have  been  cracked  or  rubbed 
off  from  wind  motion.  One  tiny  pin- 
hole could  be  the  culprit.  Are  there 
any  new  kinks  in  the  cable?  Any  new 
splices?  High  numbered  channels 
don't  like  sharp  bends.  Bad  or  leaking 
splices  can  act  as  RF  filters.  Check  the 
lightning  arrestor.  Unscrew  the  coax 
and  temporarily  screw  in  an  "F"splicer 
in  its  place  to  see  if  the  arrestor  is  not 
partially  shorting  out.  You  might  tem- 
porarily hook  up  your  old  antenna 
(on  the  ground)  and  see  if  the  high 
channels  are  getting  through  the  dis- 
tribution amplifier.  Lastly,  your  new 
antenna  could  have  become  defec- 
tive. I have  serviced  many  antenna 
systems  and  these  suggestions  cover 
places  where  I have  found  trouble. 

Merv  Fulton 
Tulare , CA 

#2  This  problem  is  similar  to  my 
experience  with  a popular  consumer 
level  10  element  FM  broadcast 
receive  antenna.  My  antenna  also 
worked  fine  for  about  three  months 
and  then  the  signal  level  began  to 
fade.  After  10  months,  the  antenna 
couldn't  reliably  receive  a distant  FM 
station  that  it  was  intended  to 
receive.  When  taken  off  of  the  tower 
and  inspected,  I found  that  corosion 
had  set  in  resulting  in  over  30K  ohm 
between  the  first  driven  element  and 


the  third  driven  element  and  over  1M 
ohm  between  the  first  driven  element 
and  the  fifth  driven  element.  The 
cause  of  the  problem  was  steel  rivets 
which  attach  the  driven  elements  to 
insulators  on  the  boom  of  the  anten- 
na and  also  attach  to  aluminum 
jumpers  connecting  each  driven 
element  to  the  next.  This  resulted  in  a 
series  of  nine  corroded  connections 
between  the  feed  point  and  the  last 
driven  elemet  on  each  side  of  the 
antenna.  I had  to  replace  this  anten- 
na for  my  employer  with  a profession- 
al model,  but  I was  able  to  salvage 
the  corroded  antenna  for  use  at  my 
home.  I used  aluminum  wire  from  a 
local  hardware  store  in  a wrap  to 
bond  the  driven  elements  to  the 
aluminum  jumpers  that  connect 
between  each.  Take  your  antenna 
down  and  use  an  ohmmeter  to  deter- 
mine if  there  is  any  resistance 
between  active  elements.  The  alu- 
minum wire  fix  is  a good  one.  Small 
gauge  aluminum  wire  is  the  best  to 
use  and  it  doesn't  hurt  to  brush  the 
elements  and  jumpers  with  emery 
cloth  before  wrapping  the  wire  on  it. 

Mike  Heilman 
Monmouth  County,  NJ 

#3  I looked  up  the  VU  190  antenna, 
it  looked  identical  to  the  Channel 
Master  that  I recently  bought.  I took 
mine  out  of  the  box  and  checked  the 
fastenings;  they  are  steel.  I guarantee 
that  the  problem  is  corrosion.  My 


antenna  is  covered  with 
grease,  so  the  manufac- 
turer knew  it  was 
subject  to  corrosion  and 
did  not  want  it  to  show 
before  I got  it  installed.  I don't  think 
I will  even  put  this  antenna  up.  It  is 
not  going  to  last  17  years  like  the 
last  one. 


Russ  Kincaid 
Milford,  NH 


#4  I would  strongly  suspect  that 
the  balun  transformer  and/or  coax 
has  gradually  absorbed  water,  caus- 
ing an  attenuation  of  the  signal.  This 
would  affect  high  frequency  signals 
more  than  lower  frequencies,  and 
would  get  worse  as  more  water  is 
absorbed. 

The  outer  braid  of  coax  will  act 
like  a wick,  so  a small  break  in  the 
insulation  (or  at  the  connector)  can 
cause  a large  amount  of  water  to  be 
sucked  into  the  cable. 

My  guess  is  that  when  the  anten- 
na was  replaced,  the  appropriate 
steps  were  not  taken  to  seal  the 
connection  between  the  balun  trans- 
former and  the  coax.  Alternatively, 
the  balun  could  be  defective  and 
water  may  have  seeped  into  it. 

The  coax  would  be  my  first 
choice.  Gradually,  as  a greater  and 
greater  amount  of  water  seeps  in, 
the  performance  of  the  cable  is 
degrading. 

RG-6  is  not  much  more  than 
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RG-59,  and  offers  noticeably  better 
resolution  on  analog  video  signals. 
Therefore,  replacing  the  cable  would 
be  beneficial  in  any  case.  If  I were  you, 
I'd  replace  the  coax.  I'd  pick  up  a 
spare  balun  too,  and  if  the  new  coax 
does  not  immediately  solve  the 
problem,  replace  the  balun  as  well. 

You  will  then  want  to  carefully 
seal  the  connnection  between  the 
coax  and  the  balun  transformer.  The 
best  method  is  to  use  a product 
called  "coax  seal."  This  is  a rubbery 
material  that  is  putty-like.  It  sticks  to 
istelf  to  form  a continuous  layer  of 
protection  a short  time  after  installa- 
tion. You'll  want  to  start  at  the  coax 
and  make  sure  at  least  1/2"  of  cable  is 
covered.  Proceed  with  an  overlapping 
spiral  wrap  up  to  the  balun,  with  the 
coax  seal  at  least  covering  the  threads 
on  the  connector  of  the  balun,  and 
preferably  overlapping  onto  the  body 
of  the  balun.  This  offers  much  better 
protection  against  water  than  the 
rubber  boot  often  provided  with 
new  baluns. 

Alternatively,  you  can  tightly  rap 
the  coax  and  balun  with  multiple 
overlapping  layers  of  black  electrical 
tape.  Start  at  the  coax  and  wrap  at 
least  an  inch  of  the  coax  and  with 
tight  overlapping  wraps  cover  all  the 
way  up  onto  to  the  body  of  the  balun. 
Next  do  a second  layer  starting  at  the 
balun  and  wrapping  in  the  opposite 
direction.  This  layer  should  begin  and 
extend  further  than  the  first  wrap. 
Do  a third  layer  using  the  same 
technique. 

I’d  also  advise  that  you  arrange 
the  coax  and  balun  so  that  water  drips 
away  from  them.  Typically,  this  means 
making  a "drip  loop"  so  that  the  low 
point  is  a loop  of  coax.  This  will  serve 
to  draw  water  away  from  the  connec- 
tor and  act  as  an  additional  preventa- 
tive measure  to  prevent  your  new 
coax  from  being  ruined.  When  arrang- 
ing your  drip  loop,  do  not  use  wire 
ties  to  hold  the  cable  in  place  as 
ultraviolet  light  will  cause  them  to  fail 
after  a few  years.  Better  to  use  speak- 
er wire  or  something  similar  (solid 
copper  wire  is  perfect  for  this,  but  use 
insulated  wire  to  prevent  eventual 
damage  to  the  coax  from  chafing). 

Best  of  luck.  There  is  nothing  like 
getting  crystal  clear  free  reception  by 


installing  a good  antenna  system. 

Rolf  Taylor 
Cleveland  Hts,  OH 

[#2063  - February  2006] 

I have  a 30  mm  mechanical  watch 
that  has  become  magnetized.  Will  the 
Velleman  mag/demag  work  to  remove 
the  magnetism?  Also,  is  the  slot  large 
enough  to  fit  a 30  mm  watch  ? 

The  Velleman  unit  is  50x50  out- 
side, so  it  is  not  likley  to  accommodate 
a 30  mm  watch.  However,  you  can 


make  your  own  demagnetizer.  Wind 
some  insulated  wire  around  a peanut 
butter  jar  (or  any  jar  that  the  watch  will 
fit  in).  Connect  a 100  watt  lamp  in 
series  with  the  coil  of  wire.  Tape  all 
connections  so  you  don't  get  shocked. 
Plug  into  120  VAC,  put  the  watch  in  the 
jar,  and  slowly  remove  it  to  three  or 
four  feet  before  unplugging  the  power. 
If  all  the  magnetism  is  not  removed, 
you  need  more  turns,  but  I think  20 
turns  would  be  sufficient. 

Russ  Kincaid 
Milford,  NH 


Front  Panels? 
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f PowerSupplyl  Switching  Power  Supplies  A /Programmable  DC  Power  SuppliesS 


irfir- 


New  to  CircuitSpecialists.com  are  these  Highly 
Reliable,  Universal  AC  input/ full  range  single  output 
power  supplies.  Choose  between  various  40,  60,  100  & 
150  Watt  versions.  They  have  the  approval  of  UL  and 
cUL  and  come  100%  full  load  burn-in  tested  and  are 
protected  with  overload/over  and  voltage/short  circuit. 
Also  included  is  a 2 year  warranty. 


PowerSupplyl 

Qty  1 

Qty  10 

Qty  25 

Qty  100 

Qty  500 

Qty  1000 

40W  Series 

Available  in 
5,12,15,24,48V 

$28.99 

$26.09ea 

$24.53ea 

$21.95ea 

$15.98ea 

$13.79ea 

60W  Series 

Available  in 
5,12,15,24,48V 

$32.99 

$29.69ea 

$27.91ea 

$25.95ea 

$17.69ea 

$15.49ea 

100W  Series 

Available  in 

3.3,5,7.5,12,15,24,48V 

$38.50 

$34.65ea 

$32.57ea 

$29.99ea 

$21.18ea 

$18.49ea 

150W  Series 

Available  in 

5,7.5,9,12,24,28,36V 

$48.99 

$44.09ea 

$39.00ea 

$37.50ea 

$26.93ea 

$23.49ea 

The  CSI  3600  Series 
Programmable  DC  Power 
Supplies  are  equipped  with  a 
back-lit  LCD  display,  number 
keypad  and  a rotary  code 
switch  for  ease  of  use  & quick 
programming.  Voltage,  Current  & Power  can  all  be  displayed  on  the 
LCD  or  computer  screen  (with  optional  RS-232  interface  module).  It  can 
be  operated  at  constant  current  mode,  constant  voltage  mode  & constant 
power  mode.  It  also  can  be  set  with  maximum  limits  for  current  & 
power  output.  Ideal  instruments  for  scientific  research,  educational  labs 
or  any  application  requiring  a sophisticated  DC-power  source. 


_ 


/Circuit  Specialists  Soldering  Station 
w/Ceramic  Element  & Seperate 
Solder  Stand 

•Ceramic  heating  element  for  more  accurate 
temp  control 

•Temp  control  knob  in  F(392°  to  896°)  & 

C(200°  to  489°) 

•3 -prong  grounded  power  cord/static  safe  tip 
•Seperate  heavy  duty  iron  stand 
•Replaceable  iron/easy  disconnect  jfem# 

•Extra  tips  etc.  shown  at  web  site  stATIONI  A Rapid  Heat  Up! 


Model 

CSI3644A 

CSI3645A 

CSI3646A 

DC  Voltage 

0-18V 

0-36V 

0-72  V 

DC  Current 

5A 

3A 

1.5A 

Power  (max) 

90W 

108W 

108W 

Only  $199.00  Each! 


Also  Available  w/Digital  Display 
& Microprocessor  Controller 


Item# 
CSI-STATION2A 


$49.95 


SMD  Hot  Tweezer 
Adaptor  Fits  CSI 
Stations  1 & 2,  ai 
also  CSI906 


$29.00 


Item# 
CSITWZ-STATION 


Details  at  Web  Site 

> Soldering  Equipment  & Supplies  > Soldering  Stations 

Heavy  Duty  Regulated  Linear 
Bench  Power  Supplies 

'Multi-loop  high  precision  voltage  regulation 
Automatic  voltage  & current  stabilizing  conversion 
•Automatic  radiant  cooling  system 
•Over-heating  protection 

CSI5030S:  0-50v/0-30amp  $595.00 
CSI12005S:  0-120v/0-5amp  $595.00 
CSI20002S:  0-200v/0-2amp  $595.00 


/^Programmable  DC  Electronic  Loads’ 

The  CSI  3700  series  electronic 
loads  are  single  input  program-  An 
mable  DC  electronic  loads  that 
provide  a convenient  way  to  . 

test  batteries  and  DC  power 
supplies.  It  offers  constant  current  mode,  constant  resist- 
ance mode  and  constant  power  mode.  The  backlight  LCD, 
numerical  keypad  and  rotary  knob  make  it  much  easier  to 
use.  Up  to  10  steps  of  program  can  be  stored. 


Model 

CSI3710A 

CSI3711A 

Input  Voltage 

0-360V  DC 

0-360V  DC 

Input  Current 

0-30A  DC 

0-30A  DC 

Input  Power 

0-150W 

0-300W 

CSI3710A:  $349.00  CSI3711A:  $499.00 


-\ 


VISA 


Bullet  Style  B/W  Camera 

Weather  Proof 
'Signal  System:  EIA 
Image  Sensor:  1/3"  LG  CCD 
'Effective  Pixels:  510  x 492 
'Horizontal  Resolution:  420TV  lines 
Min.  Illumination:  lLux/F1.2  Item#  VC -3  05 

Details  at  Web  Site  l-4:$49.00  5+:$46.00 

Miniature  Cameras  (Board,  Bullet,  Mini’s,  B/W,  Color)  & Security^ 

High  Capacity  Nickel  Metal  Hydride 
Rechargeable  Batteries 


Details  at  Web  Site 

> Test  Equipment  > Power  Supplies 


Dual  Output  DC  Bench  Power  Supplies 

High  stability  digital  read-out  bench  power  supplies 
featuring  constant  voltage  and  current  outputs.  Short- 
circuit  and  current  limiting  protection  is  provided. 

SMT  PC  boards  and  a built-m  cooling  fan  help  ensure 
reliable  performance  and  long  life. 


As  Low  As 

$93.00! 


•Source  Effect:  5xlO"4=2mV 
-4=o 


HOT 

ITEM.' 


•Load  Effect:  5xl0"4=2mV 
•Ripple  Coefficient::  <250uV 
•Stepped  Current:  30mA +/-  1mA 
*A11  3 Models  have  a 1A/5VDC  Fixed  Output  on  the  rear  panel* 

CSI3003X-5:  0-30v/0-3amp  1-4:  $97.00  5+:  $93.00 
CSI5003X5:  0-50v/0-3amp  1-4:  $107.00  5+:  $103.00 
CSI3005X5:  0-30v/0-5amp  1-4:  $119.00  5+:  $115.00* 

Details  at  Web  Site  > Test  Equipment  > Power  Supplies 


500 
0.00  . 


• •• 


Item# 

AA2500mAH 

AAA850MAH 

C3500MAH 

D11000MAH 

9V220MAH 


i 


‘AA”  cell  2500mAH 
AAA”cell  850mAH 
‘C”  cell  3500mAH 
‘D”  cell  llOOOmAH 
‘9V”  cell  220mAH 


1+ 

10+ 

100+ 

$1.45 

JE.25 

1.09 

$0.99 

0.65 

0.51 

$2.99 

2.30 

2.09 

$6.95 

5.55 

4.39 

$3.69 

3.29 

2.99 

Details  at  Web  Site 
> Batteries  & Accessories  > NiMH  Batteries 

Triple  Output  Bench  Power  Supplies  \ 

with  Large  LCD  Displays 

Output:  0-30VDC  x 2 @ 3 or  5 Amps 
& lea.  fixed  output  @ 5VDC@3A 
Source  Effect:  5xlO'4=2mV 
Load  Effect:  5xlO-4=2mV 
Ripple  Coefficient:  <250uV 
Stepped  Current:  30mA  +/-  1mA 
Input  Voltage:  11 0VAC 

CSI3003X3:  0-30VDCx2  @3A  $179.00  5+:  $169.00 
CSI3005XIII:  0-30VDCx2  @5A  $219.00  5+:  $209.00 

Details  at  Web  Site  > Test  Equipment  > Power  Supplies^, 
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/Premier  Repairing  System  w/ Power  Supply\  f 


Microprocessor  controlled  design  that  pro- 
vides stability  and  precision  of  temperature 
and  airflow  settings  during  the  rework 
process.  A full  digital  display  of  tempera- 
ture and  power  source  make  everything 
clear  to  the  user  while  the  unit  provides 
vast  flexibilty  at  the  rework  station  with 
the  built-in  adjustable  power  supply  that  provides  0- 
15V  and  2 A of  power.  Hot  air  soldering  and  adjust- 
ment of  temperature  are  controlled  by  a micro  chip  and 
sensor  thus  giving  tremendous  accuracy  and  reliability. 


Item#  CSI768 


Only 

$289.00! 


•Iron  Output  Voltage:  24V  / 35W 
•Temperature  Range:  100-480°C  / 212-896°F 
•DC  Power  Supply:  0-1 5 V / 2 A 

Details  at  Web  Site  > Soldering  Equipment  & Supplies 


2.9GHz  RF  Field  Strength  Analyzer 


The  3290  is  a high  quality  hand-held 
RF  Field  Strength  Analyzer  with  wide 
band  reception  ranging  from  1 00kHz 
to  2900MHz.The  3290  is  a compact  & 
lightweight  portable  analyzer  & is  a 
must  for  RF  Technicians.  Ideal  for 
testing,  installing  & maintenance  of 
Mobile  Telephone  Comm  systems, 
Cellular  Phones, Cordless  phones,  pag- 
ing systems,  cable  &Satellite  TV  as 
well  as  antenna  installations.May  also 
be  used  to  locate  hidden  cameras  using 
RF  transmissions. 


Fantastic  Low 
Price: 
$1899.00! 


•WFM/NFM/AM/SSB  modulated  signals  may 
be  measured. 

•Signal  Levels  up  to  160Channels  can  be 
displayed  simulaneously  on  the  LCD 
•PLL  tuning  system  for  precise  frequency 
measurement  and  tuning 
•Built-in  Frequency  Counter 
•LED  Backlight  LCD  (192x192  dots) 

•All  fuctions  are  menu  selected. 

•RS232C  with  software  for  PC  & printer 

’Built-ST speaker  (Includes  Antenna) 


Item#  3290 

Details  at  Web  Site  > Test  Equipment  > RF  Test  Equipment 


Item#  VC-305CP 


r B&W  Pinhole  Bullet  Camera  w/  1/3”  CCD 

•Weather  Resistant  Housing 
•Signal  System:  EIA 

•Image  Sensor:  1/3"  CCD  Bullet  Hole  l-4:$49.00 

•Effective  Pixels:  510  x 492  5+:$46.00 

•Horizontal  Resolution:  380TV  lines 
cMin.  Illumination:  lLux/F1.2 


A 


Details  at  Web  Site 

> Miniature  Cameras  (Board,  Bullet,  Mini's,  B/W,  Color!, 


A 

W . 


Butane  Portable  Soldering  Iron  & Kit 

•Electronic  Instant  Ignition  System 

•Naked  Flame  Burner:  Temp  to  I ocT0"* 

1300°C/2370°F 

•Flameless  Burner:  up  to  400°C/750°F 
Two-Piece" 


7&~\ 


Iron  comes 
with 

Solder  Tip. 


RK3212:  Solder  Iron 

$14.95 


•Equipped  with  U.S.CPSC  Approval 
Child  Safety  Standard 
•Electronic  Instant  Ignition  System 
•Naked  Flame  Welding:  Temp  to 
1300°C/2370°F 

•Soldering  Temp:  up  to  500°C/930°F 
•Heat  Shrinking:  up  to  500°C/930°F 
•Hot  cutting  of  plastic  sheets  or  plates 


RK3124:  Solder  Kit 

$34.00 


Details  at  Web  Site  > Soldering  Equipment  & Supplies  > Soldering  Irons 


r LogicPort  Logic  Analyzer 

The  LogicPort  provides  34  sampled  channels 
including  two  state-mode  clock  inputs.  It 
connects  to  your  PC's  USB  port  for  ultimate 
convenience  and  performance. 

•34  Channels 

•500MHz  Timing  mode  sample  rate 
•200MHz  State  mode  sample  rate 
•Real-time  Sample  Compression 
•Multi-level  trigger 
•+6V  to  -6V  Adjustable  Threshold  Item#  LOGICPORT 

^HDetails  at  Web  Site  > Test  Equipment  > Logic  Analyzers  . 

f Plug-In  Switching  Power  Supplies  ^ 

These  15W  switching  power 
supplies  are  an  inexpensive  way 
to  power  devices  with  robust 
regulated  power  and  low  ripple 
noise.  The  low-profile  design 
allow  you  insert  them  into  a 


Digital  Storage  Oscilloscope  Module 


Convert  any  PC  with  USB  interface  to  a high 
performance  Digital  Storage  Oscilloscope. 
This  is  a sophisticated  PC  basedscope  adaptor 
providing  performance  compatible  to 
mid/high  level  stand  alone  products  costing 
much  more!  Comes  with  two  probes. 


Details  & Software 
Download  at  Web  Site 


PC  based  Digital  Storage 
Oscilloscope,  200MHz  5GS/s 
^ equiv.  sampling  USB  interface  1 


> Test  Equipment  > Oscilloscopes/Outstanding  Prices 

Item#  200DSO  Only$749.00 


power  strip  without  losing  any  of  the  other  plugs.  Designed 
with  an  energy  efficient  switching  technology,  the 
Universal  AC  input  works  from  90-264VAC  with  no  min- 
imum load  required  and  a 100%  burn-in  test  to  ensure  they 
will  perform  as  stated  right  out  of  the  box.  They  come  with 
a 1.8  meter  output  cord  and  a 5.5  x 2.1mm  female  plug.  UL 
and  cUL  approved. 


Item# 

3A-161WU05 
3A-161WU06 
3A-161WU09 
3A-161 WU12 
3A-161WU18 
3A-161WU24 


Description 

5 Volts  / 2.6  Amps 

6 Volts  / 2.5  Amps 
9 Volts  / 1 .70  Amps 
12  Volts/ 1.25  Amps 
1 8 Volts  / 0.84  Amps 
24  Volts  / 0.63  Amps 


.<£> 


Each 

10+ 

25  + 

100+ 

$9.95 

$8.95 

$8.49 

$6.95 

Details  at  Web  Site  > Test  Equipment  > Power  Supplies 


SONY  Super  HAD  CCD  Color 
Weatherproof  IR  Cameras 

•Day  & Night  Auto  Switch 
^ ‘Signal  System:  NTSC 

} i 'Image  Sensor:  1/3"  SONY  Super  HAD  CCD 
^ 'Horizontal  Resolution:  480TV  lines 

•Min.  Illumination:  OLux 

Item#  VC-827D  1-4:$149.00  5+:$139.00 


«sr: 


SONY  Super  HAD  CCD  B/W 
Weatherproof  IR  Camera 

•Day  & Night  Auto  Switch 
•Signal  System:  EIA 

•Image  Sensor:  1/3"  SONY  Super  HAD  CCD 
•Horizontal  Resolution:  420TV  lines 
•Min.  Illumination:  OLux 

Item#  VC-317D  l-4:$69.00  5+:$65.00 


SONY  Super  H m CCD™ 

equipped  camera's  feature  dramatically 
improved  light  sensitivity 


SONY  Super  HAD  CCD  Color  Camera 


•Weather  Proof 
•Signal  System:  NTSC 

•Image  Sensor:  1/4"  SONY  Super  HAD  CCD 
•Horizontal  Resolution:  420TV  lines 
•Min.  Illumination:  lLux/F1.2 

Item#  VC-805  l-4:$69.00  5+:$65.00 


Details  at  Web  Site 

> Miniature  Cameras(Board, Bullet, Mini’s,  B/W,  Color) 


SONY  Super  HAD  CCD  Color 
Weatherproof  IR  Camera 

•Day  & Night  Auto  Switch 
•Signal  System:  NTSC 

•Image  Sensor:  1/4"  SONY  Super  HAD  CCD 
•Horizontal  Resolution:  420TV  lines 
•Min.  Illumination:  OLux 


Item#  VC-819D 
l-4:$89.00  5+:$79.00 


% 


i 


SONY  Super  HAD  CCD  Mini 
B/W  Board  Camera 

•Signal  System:  EIA 
•Image  Sensor:  1/3"  SONY  Super  HAD  CCD 
•Horizontal  Resolution:  420TV  Lines 
•Min.  Illumination:  ,05Lux/F1.2 

Item#  VC-103  l-4:$33.00  5+:$29.00 


( 

V c 


Visit  our  website  for  a complete  listing  of  our  offers.  We  have  over  8,000  electronic  items  on  line  @ www.CircuitSpecialists.com.  PC  based  data  acquisition, 
industrial  computers,  loads  of  test  equipment,  optics,  I.C’s,  transistors,  diodes,  resistors,  potentiometers,  motion  control  products,  capacitors, miniature  observation 
cameras,  panel  meters,  chemicals  for  electronics,  do  it  yourself  printed  circuit  supplies  for  PCB  fabrication,  educational  D.I.Y.  kits,  cooling  fans,  heat  shrink,  cable 
ies^&otherwirejiancneingjtemsjicu^ 


Circuit  Specialists,  Inc.  220  S.  Country  Club  Dr.,  Mesa,  AZ  85210 

800-528-1417  / 480-464-2485  / FAX:  480-464-5824 
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www.parallax.com 


Order  online  or  call  our  Sales  Department  toll-free 
at  888-512-1024  (Mon-Fri;  7am-5pm,  PT).  Boe-Bot  is 
a registered  trademark  of  Parallax,  Inc. 


Want  to  learn  about  inkjet  printer  technology?  Want  to  print  text  with  a robot  or 
by  waving  an  inkjet  nozzle  over  a piece  of  paper?  Parallax,  Hewlett-Packard  Specialty 
Printing  Systems,  and  Matt  Gilliland  have  combined  to  produce  this  unique  kit.  The 
hardware  and  documentation  are  designed  around  HP's  Thermal  Inkjet  1.0  technology. 
Using  the  Parallax  Serial  Inkjet  Printer  board,  your  microcontroller  sends  a string  of  serial 
data  which  is  printed  as  1/8"  tall  characters.  Waving  the  inkjet  cartridge  over  a piece  of 
paper  or  mounting  it  on  a Boe-Bot  produces  print-quality  text  in  the  font  of  your  choice! 
Boe-Bot  Robot  Kit  sold  separately  (Serial  #28132;  USB  #28832)  for  $179.00. 


PRINT  PHD  ROLL ! PRINT 


ND  ROLL 


TMLncT  &PPI  Tr&TTllW  mMTCQT  * 
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Using  a microcontroller  to  fire  an  HP  inkjet,  enter  your  project 
in  our  2006  HP  and  Parallax  Inkjet  Application  Contest.  The 
three  categories  include  Porous  Media,  Art,  and  Mechanical 
Control.  Four  prize  levels  are  available  within  each  category. 
Prize  values  total  over  $3,000!  This  contest  ends  on  June  15, 
2006.  All  details  are  provided  atwww.parallax.com. 

PRIZES  IN  CflCH  CflTCQORY  INCLUDC: 


Photosmart  3310  Printers  Digital  Cameras 


If  you  would  like  to  participate  in  the  2006  HP  and  Parallax 
Inkjet  Application  contest,  you  must  obtain  a Project  Number 
from  Parallax  to  attach  to  your  submittal.  The  issuance  of  a 
Project  Number  represents  a commitment  on  your  behalf  to 
submit  a project  in  the  contest.  Project  Number  requests  may 
be  submitted  until  May  31,  2006. 


Development  Boards 


Photosmart  385  Printers 


